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ABSTRACT 

jp ' . The purpose of this investigation was to examine the 

ways in which class size affected other facets of the educational 
environment of the classroom. The study focused on the 'conunonly found 
positive relationship between class size and achievement. The most 
plausible explanation of the evidence seems to involve the effects of 
grouping more able students in larger classes, but the findings also 
indicated achievement gains beyond those expected soley from a 
consideration of differences in achievement levels. It is clear that 
an increased understanding of these features of the classroom is a 
necessary step towards sorting out the relationships between class , 
size, teacher activities and student motivation, all of which appear 
as central themes in the class size question. (JD) 
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PREFACE 



Th!s investigation had its origins in the Staffing and Resources Study that was 
undertaken during the years 1979-1982 by the Australian Council for Educational 
Re»2arch at the request of the Australian Education Council. Initially some members of 
the Steering Committee for the study and some members of the staff of the ACER were 
hopefijl that a similar study to the one presented in this report might be undertaken as 
part of the. Staffing and Resources Study. However, a variety of factors prevented such 
an investigation being carried out during the life of the Staffing and Resources Study. 
Nevertheless, with a substantial body of data available which had' been collected a 
decade or more before, it was resolved that when an opportunity arose, the data should 
be analysed to determine whether certain issues associated with The Class Size 
Question' might be explored in an Australian setting. Consequently this report Is 
presented as a contribution not only to the development of a greater understanding of 
matters relevant to the debate on class size, but also to the research methodology 
concerned with how investigations of such complex issues might proceed, as well as 
advancing results that have dear implications for policy and practice, even if they are 
not explicitly stated in this report. 

The data examined in this study were collected 15 years ago in a school setting 
that has changed in significant ways during the intervening years. Therefore, the 
findings should not be read and interpreted as applying to the schools that exist at the 
present time within that school system. Nevertheless, it is believed that the propositions 
advanced in Chapter JO are likely to have a generality that extends beyond the specific 
time and the specific location where the data were collected. Indeed, the continued 
presence of positive relationships between class size and educational achievement which 
are being i^eponted from studies conducted in natural classroom settings ^in Australia and 
in other parts of the world suggest that the phenomena being studied in this report still 
exist in our schools in spite of th« findings to the contrary which have been . reported 
from experimental studies into the concomitants of class size. 

In conclusion, we would like to thank the many principals, teachers and students, 
both known and unknown, jn tlie secondav*y schools of Canberra who assisted in so many 
ways with this project daring 1969. We hope that they will be interested in the findings 
reported and the issues of both a substantive and a methodological kind which wo have 
addressed. 

The problems of undertaking and interpreting the results of non-experimental 

research studi&] art many, and we hope that those who assisted with this investigation 

will find in the report a contribution towards a better understanding of how the 

environment of tlie classroom influences educational outcomes. 

. I f\ John P. Keeves 

XV September 1984 
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CHAPTER 1 
THE CLASS SIZE QUESTION 



Research has been used to examine many contentious educational issues. Unlike much 
research in other areas, both supporters anri opponents of a particular educational policy 
or practice have frequently been able to Ic/ok towards research and find support for their 
beliefs. The disparity between the findings of results, on even quite simple educational 
issues has made precise conclusions and the consequent implementation of theory Into 
practice a very tentative proposition. Educators are often trapped between several sets" 
of contradictory research findings or, alternately, are faced with a set-of Inconclusive 
results which they had hoped could be used as the basis of a policy decision. 

One such issue is that of class size which Is currently perceived to be Important by 
large sec|lons of the community. Toachers comm^only 5*ee it as the key Indicator of the 
quality of their work environment vthich Influences job satisfaction and their perceptions 
of job effectiveness* To parents \t is a very obvious measure of their child's classroom 
environment. Parents may also be Interested In the avaUabUlty of books or aids and the 
physical state of the classroom, which are other overt Indicators of classroom quality, 
but class size is%;statlstlc readily avaUable from each chUd and an immediate and easily 
perceived gauge of the classroom quality. ^ 

Furthermore, for educational policy makers and politician, the class size question 
reaches into the heart of budgeting and the funding of schools. It is accepted that 
approximately 80 to 85 f^et cent of the recurrent resources provided for education In 
schools are spent on teaciiers* salaries and since the number of teachers required to staff 
the schools varies inversely with the average class size, then any change In averogo class 
size will have Immense consequences for the required level of educational fyndlng. For 
example, to reduce the average class size of a school or school system from 25 to 24, 
approximately four 'per ce'ht more teachers would need to^ employed Based upon 1982 
figures for teachers* salaries, this would cost the Victorian Education Depa^^tmcnt an 
additional $44 million each year. The class size Issue does not only affect teachers, 
students and pavents, but also clearly Influences the priorities that- a government sets* 
As such, it has an effect on all who use the services provided by governments, since 
Increased support for education is likely to be at the expense of aome other areas of 
govemmentar responsibility* 

Despite tlje concern and Interest In the class size question. It remains a 
controvcrfial arc4 of research, since the findings from studies In many parts of the wt Id 
have beeji extremely diverse* Studies In natural scAool settings (for example, Husen, 
1967 J Peaker, 1967j Comber and Keeves, 1973) have sometimes found large classes to 
be associated with superior student outcomes, whQe other experimental studies have 
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found smaller classes to be more effective (see Glass and Smith, 1978) or have produced 
inconclusive results. 

It is hard, to believe that, if other things were made equal, the addition of several , 
more students to a classroom group would raise the average level of achievement of the 
class. Nevertheless, surveys- undertaken in a wide range of settings have commonly 
reported moderate positive correlations between class size and achievement. However, 
there could bq . favourable circumstances associated with large classes which might 
explain results which differ from conventional beliefs. 

These contradictory findings are generally unpalatable to teachers who are 
convinced that small classes are superior teaching environments for both teachers and 
students. On one side of the debate, teacher organizations in recent years have been 
strongly advocating the reduction of class sizes. The strengttrpf their commitment to 
this issue l^as been demonstrated by their loss of income through strike action. On the 
^ other side, educational administrators, although pe^^haps not wishing to increase ^class 
sizes, are trying to maintain present class size levels in order to contain spending on 

0 

education, and to use any resources available for what they perceive to be areas of 
greater need. 

It has been perplexing that these different groups could maintain such strong 
opinions^ either based upon intuition or frugality, when the educational research, viewed 
as a whole on this question, was so inconclusive. The need to clarify the issues 
associated with class size was recognized by Glass and Smith (1978), who employed the 
technique of meta-analysis to tease out a ^definite conclusion from the maze of 
contradictory findings that had been reported frcjn previous experimental research. 
Their most quoted finding is a graph relating class size to achievement (measured in 
percentile ranks). The graph, shown in Figure 1.1, displays the inverse relationship that 
teachers have been describing for years without consistent support from research. A 
similar graph was produced when attltudlnal outcomes were related to class size, but 
with a steeper gradient (Smith and Glass, 1979). Their results were widely accepted, 
although not universally, perhaps because It was the conclusion most intuitively 
expected. Although Glass and Smith's quantitative summarization of the research could 
be seen as a definitive statement upon the class size question, the actual interpretation's * 
of their graphs have been many and various* ^ ^ 

Despite the clear inverse relationship between class size and achievement^ the 
extent of achievement gains associated with reductions In class size for typical 
classroom situations was quite small. We again refer to the Victqrian Education 
Department example given earlier. Using the Glass and Smith graph, decreasing class 
size from 25 to 24 would produce an achievement gain of less than one percentile rank. 
Furthermore, if dass sizes were decreased from 25 to 20, the resultant achievement 
gains would be approximately two percentile ranks while the increase In teacher salary 

RJC ^ 2 



Achievement 
100- 




Class 
Size 



Figure 1.1 Cra^h Relating Claas Size to Achievement Measured in 
Percentile^ Ranks From: Glaus and Smith (1978) 



costs would be nearly $220 .millioni again .using 1982 figures. The obvious question posed 
by these figures is the relative importance that society places on art expenditure' of $220 
million or an estimated achievement gain of two percentile ranks in student achievement* 
The problem of obtaining good value from the available Tesourcr^ is just as 
relevant in educatloA as in .commerce or industry. This difficulty was recognized by 
Karmel (1981) when he wrote: 

In sdioolSy dais size has become a sacred cow, and pressures. for reductions in 
pupfl/teacher rtitios Have continued in spite ot great improvements over the past 
^ecade« It may well be that a more effective use of resoui^ces would require a 
tradeoff between classroom teachers and special teachers to assist disadvantaged 
groups or ancillapy staff of various kinds, or even a trade-off between primary and 
secondary teachers. The latest wisdom is that, although very srttali class size is an 
etfective pedagogic device, smaU changes in the class sizes which commonly obtain 
. do. no't produce significant effects (Glass and Smith, 1978). If this Is correct, there 
may be a strong cdse for allowing the jsizeof most classes to rise a iitle so that 
special groups of diUdren may be. taught in very small classes. (Karmel, 1981i27) 



This interpretation of the Glass and Smith fiadings would probably oe opposed by teacher 
unionsSftlS^ould see in the researqh evidence a further endorsement of their desire for a 

. reduction in the size of all classes. 

One obvious problem with converting the Glass and Smith results into actual 
classroom policy is the global nature of their findings. Their graphs represent an 
amalgam of class size research so that conclusions specific to a particular instructional 
situation are no longer possible. Furthermore, their findings are purely descriptive and 
not analytical in the sense that while they noted that smaller classes had superior 
achievement levels, they could not provide an explanation as to why smaller classes had 
produced the higher achievement levels. 

As their findings did not isolate which factors associated with smaller classes were 
responsible for the achievement gains, it is important to direct research towards 
answering this question. The problem is not just to establish that smaller classes are 
better, but to ask what things make smaller classes better. Thus, it is necessary to 

. determine which student activities and which teaching practices are evident in smaller 
classes but absent in larger classes. Perhaps prematurely, we may advance some the 
questions that could help to identify these differences* Are students more attentive in 
smaller classes? Are more' experienced teachers allocated to smaller classes? Do 
students interact with their teachers more in smaller classes? As well as identifying 
which behdviours differ with class size, it is alsu essential to determine which of these 
behaviours might be responsible for differences in achievement levels. The examination 
of classroom practices should enable us to identify the areas where smaller classes are 
more effective. 

.To do this, we have sought to identify, those classroom practices, teaching 
behaviours and teacher characteristics which are significantly different for small classes 
when compared to larger classes and then attempt to establish which of these factors are 
associated with superior achievement levels. Regression analysis is the most appropriate 
technique to examine such relationships and to control for socip-economic level and prior 
achiGvem<>nt, which have often been neglected as factors influencing the allocation of 
students to classes in previous non-experimental studies (see Linn and Werts, 1969)« 
After such an analysis, we hope that we can give a more informed answer to the^question 
'Why are smaller classes better?* 

' . The study of the class size question using regression analysis also raises technical 
issues concerned with the choice of an appropriate unit of analysis (Burstein, 1980). The 
class is the obvious unit of analysis^ since class size is a classroom measurement. 
However, class, size can also be^ viewed as a variable which )each student in the class 
experiences in the sense that it influences the student's environment. Hence, It is also 
possible to view the student as an effective unit of analysis, ' Although many researchers 
assume that one particular unit of analysis is appropriate and then legitimate their 
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choice, there is some justification for using both units and hence some analyses should be 
conducted at each level. Classroom practices readily lend themselves to the use of the 
class and not the student as the unit of analysis. For example, a variable measuring the 
number of questions asked by students during class-time could not be viewed as a student 
var^^le as each student in the class would ask a different number of questions. 
Consequently, one measurement would not be e':ually appropriate to all students in the 
classroom in the analysis of data at the between student level, but would be appropriate 
as a characteristic of the classroom environment in an analysis at the between classes 
level. 

It is also possible to conduct the analysis at the student within-class level. This 
might seem irrelevant since the class size measures would have no variation at this level 
of analysis. However, it is still possible at this level of analysis to examine relationships 
between the student variables which were found to be associated with class size. It is 
therefore desirable to consider the effect of within-class variation in one variable upon 
the within-class variation in achievement or attitudes. Hence, comparisons can be made 
between the findings at all three levels of analysis, either between classes, between 
students, or between students within-classes. Any differences in the findings of the 
separate regression analyses can be informative in the sense that they can provide a 
further insight into the manner Jn which a particular practice contributes to 
achievement. In fact, Burstein (in press) has suggested that knowledge of th^ unit of 
analysis is essential in the interpretation of a result. 

In summary, we have two main aims in this study. The primary aim is to illuminate 
the relationship between class size and achievement. We seek to explain why Glass and 
Smith found that small classes were better by an examination of data relating to 
classroom practices. The secondary aim is to tease out meaningful relationships at three 
different levels of analysis. The findings should provide a greater understanding of an 
important issue for educational policy and practice as well as enabling comment to be 
made about the appropriateness of the different strategies and levels of analsysis In 
investigations in this complex field of research. 
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CHAPTER 2 



A REVIEW OF CLASS SI7.E RESEARCH 

The research into the effects of class size upon educational outcomes has been 
confounded by uncertainty and inconsistency. Class size can be defined and quantified in 
many different ways. Definitions of class size diff*>r in terms of how closely they 
actually reflect a student's or a teacher's classroom experience. Some definitions refer 
to staffing ratios such as the student-teacher ratio instead of actual measures of the 
number of students in a classroom. Furthermore, several instructors might be present at 
one tinie in a conventional classroom, thus reducing the effective instructional group 
size for the student. Nevertheless, group size is probably a sound measure of what the 
student experiences in a classroom since it relates to the amount . of the teacher that a 
student shares. This ratio of students to instructors in a classroom Is now the most 
widely accepted measur^ of class size, although earlier research used alternative 
definitions. 



Some Issues in Class Size Research 

Most class size studies have concerned themselves with the relationship between the 
number of students in the classroom and their achievement levels in different subjects. ^ 
In a search for previous investigations in preparation for their meta-analysis study, Glass 
and Smith (1978) found over 300 documents which pertained to the issue of class size. 
Although many of these documents were unusable due to a lack of adequate data, there 
still remained a great body of information concerned with class size. Two recent 
comprehensive reviews of class size related i^ues are indicative of thp texture of class 
size research throughout this century, Lafleur, Sumner and Witton (1974) in A.ustralia 
and Ryan and Greenfield (1975) in Canada have provided a good coverage of the 
literature, including the extensive international surveys conducted by the international 
Association for the Evaluation of Educational Achievement in science (Comber and 
Keeves, 1973) and reading (Thorndike, 1973). 

Glass and Smith (1978) noted that the research on class size and its effects upon 
achievement has gone throu^ four stages. These were the pre-experimeptal era 
(1900-1920), the primitive experimental era (1920-1940), the large-group technology 
based era (1950-1970) and the individualization era (1970- ). Class size was not a 
research issue during the 1940s. However, boundaries of these eras are not rigidly fixed, 
since studies of one type have occurred in eras largely devoted to another type. While 
the empha^s in each era probably reflects the educational emphasis of the times, the. 
technology based era produced some massive empirical studies which were used to form 
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national educational policies (Coleman, 1966; Peaker, 1967), Some of these studies 
surveyed tens of thousands of students, expecting that large studies using recently 
avaflable computing power could unravel the mysteries of the classroom and the school. 
More recent research has shown a concern for establishing the benefits of 
individualization, and experiments have been conducted with radically smaller class sizes 
in an attempt to extract more conclusive results, 

\nother important difference between studies is concerned with the assignment of 
students and teacher^T&^.groups. The methods of assignment can be classifiecj as 
'random', 'matchedL 'repeated measures' or 'uncontrolled'. These classifications are 
important in descr«Mng the degree of experimental control exercised in a study. The 
meanmg of 'randon|' is clear. 'Matched' means there has been an attempt to equate 
smaller and larger Wses by assigning students to classes using pretest achievement 
levels, 'Hepeated melbures' refers to using the same students or teachers in both small 
and large class situatibijs. 'Uncontrolled' is obvious, but nevertheless important because 
In many natural classroom situations class size is strongly related to factors which 
influence achievement and other outcome^? 

/\ further problem in class size research is that many important factors which are 
themselves related to class size are frequently overlooked. The omission of these 
factors from consideration provides reasons as to why some findings should be 
questioned. Many critics of class size research have noted the use of well-controlled 
measures of class size and achievement but also have noted the absence of any controls 
upon instructional variables. It is possible for teachers to adjust their teaching practices 
to the size of the class group such that the research is confounded by an interaction 
between teaching methods and class size. This suggests thai there is an immense range 
of additional compounding factors which are probably impossible to examine completely 
or to control. Nevertheless, the majority of studies that have been carried out have 
controlled only for student ability, using either achievement or intelligence test scores. 

Having recognized some of the issues and difficulties associated with definitions, 
the differing emphases of certain studies, and certain omissions which occur throughout 
the studies, it is appropriate to turn to the actual findings of the research. To provide a 
more orderly overview of the major findings we shall present summaries based upon 
subject taught and age or grade level. 

Class Size and Achievement 

Two subjects, reading or Englisl? and mathematics have been the most popular subjects 
for the investigation of relationships between class size and achievement. It is also 
within these two subject areas that virtually all research at the primary school level has 
been conducted. Science has also been a popular subject for research, but usually at the 
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secondary level. To some extent, it is in these subjects that controlling for prior 
^diievement is most necessary, since they are subjects where knowledge is cumulative 
and what students learn during one year is influenced by their earlier learning. 

The findings of the studies of the effects of class size upon student achievement in 
reading or English can be summarized as follows. 

1 With only a few exceptions, the evidence in favour of small classes has been 
restricted to reading in primary grades. These findings are typified by Balow 
(1369) who obtained slight achievement gains from smaller classes at Years 1 
through 3. Flinker (1972) found no significant difference at Year 7 for reading. 
These findings would seem to suggest that an emphasis towards smaller classes was 
more important at the lower primary school level. The exceptions included studies 
by Litt)e et al. (1971) and Davie et al. (1972) who found that children in larger 

, classes made better than average progress in reading at infant levels. 

2 When the evidence favoured smaller classes at higher year levels, the findings 
often applied lo below-ability students. Woodson (1968) observed that class size 
made no difference to average or high ability students but that low ability students 
had superior results In smaller classes. 

3 Longitudinal studies would appear to Indicate that smaller classes had a cumulative 
positive effect upon achievement. The findings of Furno and Collins (1967) 
supported this Conclusion. They Investigated both regular and special classes over 
a five-year period in a studly that controlled rigorously for many other variables. 

4 At the secondary level, the results have either favoured larger classes or shown no 
significant differences. Ryan and Greenfield (1975) reported several studies where 
larger classes produced superior reading levels, while the work of Thorndlke (1973) 
has suggested that reducing class size would have a limited Impact upon student 
performance. 

Overall, these findings suggest that the advantages of small classes are restricted to, 
those students who are the most vulnerable. Smaller classes appear to aid the very 
young or those students of low ability. Again, it should be noted that nearly all the 
studies referfed to have failed to control for differences In the teaching methods used by 
teachers. 

Similarly, In studies of the effects of class size upon achievement In mathematics 
larger classes have been found to be as effective as smaller classes. These general 
conclusions ore supported by several large surveys including those of Coleman (1966) and 
Husen (1967). Coleman found that the stUdent-tcacWr ratio was not related to 
achievement for any group under any conditions. Husen, In an enormous cross-national 
study, was more tentative about the findings of the Investigation and suggested a more 
detailed examination of what occurs in classrooms. Other studies have, however, 
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obtained opposing results favouring smaller classes, so that the findings still remain 
uncertain and the issues unresolved. 

The work of Moody, Bausell and Jenkins (1972) with respect to specific 
mathematical objectives found that class size strongly influenced achievement. Classes 
of size 1 produced superior performance levels to classes of sizes 2 and 5, which in turn 
produce^i significantly superior performance levels to classes of size 23. It should be 
noted that the studies quoted are only a sample of those available and that the effects of 
class size are well documented but the conclusions are equivocaU Again, it should be 
remembered that the comparisons were made without reference to teaching methods. 

As mentioned previously, studies dealing with other subject areas, notably science, 
were usually conducted at the secondary school level. The overall pattern of the results 
suggested that ?58ss size was not a major factor influencing achievement at this level of 
schooling. The major studies concerning science achievement included those of Comber 
and Keeves (1973) who found that students only performed better in smaller classes in 
two of the 19 countries studied at the 10-year-old leveL Rosier (1973) found that larger 
classes obtained better science results in Australian schools, but he also noted that 
larger classes had a higher proportion of students with an academic background. In 
another Australian stucty, Keeves (1972) found that the larger the class, the greater the 
gain in achievement during a year. It was suggested that this could be explained by the 
observation that: . . in larger classes a different standard of control was exercised, 
with a higher level of industry and more effective teaching.* (Keeves, 1972:210). 
However, detailed analyses to support these claims were not carried wU Only a small 
number of studies has endorsed the establishment of small classes for science at the 
secondary school leveL 

The findings relating class size to achievement have not been very conclusive/ 
Although there is a lack of evidence supporting large classes, much of Che evidence 
draws the conclusion of »no differenced^ The only areas of education where smaller 
classes have received general support from a large portion of the research were at the- 
lower primary level and for remedial education where students require the individual 
attention only available from a teacher in a small class. We oould be tempted to 
conclude that smaller classes have a beneficial effect upon tjchlevement for younger 
students but that this effect diminishes greatly by the secondary school level. This 
statement Is supported by the results for reading and English where the most significant 
differences were up to Year 3 and for science classes, usually at only the secondary 
level, where significant differences between small and large classes were uncommon- As 
such, a review of previous research does little to clarify the global t>elationshlp between 
class size and achievement except in a few specific situations. 
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Class Size and Student Attitudes 



In addition to achievement outcomes, variations in class size could also influence a range 
of affective outcomes including attitudes to school and specific subjects, self esteem, 
teacher satisfaction and academic motivation. Also, variations in class size could affect 
the opportunities that teachers have had for doing different things in the classroom. 
Many teachers might not avail themselves of these opportunities. Nevertheless, 
differing class sizes would seem to influence the workload, the morale and the 
perceptions of teachers. Furthermore, both a teacher's and a student's satisfaction with 
school and a favourable affective climate in the classroom must be considered to be 
desirable outcomes in themselves. 

The body of research into the influence of class size upon affective outcomes for 
students has been more decisive than have boen the findings for achievement. The 
majority of studies in this area have pointed towards the superiority of small classes as a 
means of enhancing affective outcomes. This result is supported by the folljowing typical 
studies. Walberg (1969) reported that class size influenced the learning climate as 
viewed by students and that class size was positively related to student perceptions of 
formality and diversity but negatively related to perceptions of intimacy and 
democracy. Welch (1971) could not predict an optimum class size but he was able to 
show that small classes displayed elements of coliesiveness, satisfaction, goal 
directedness and democracy. Keeves (1972), in the same study as cited earlier, found a 
negative relationship between class size and attitudes to science. Lindbloom (1970) 
reported that individualization, group activities, interpersonal regard and creativity all 
decreased as class size increased, especially at the primary level, but also for students 
over 15 years of age. However, Haskell (1964) reported that attitudes towards 
mathematics were not significantly related to class size. These results would seem to 
indicate a commonly observed, although not universal, inverse relationship between class 
size and affective outcomes. This ge.ncral trend suggests that a reduction In class size 
would be beneficial to both affective outcomes and the teaching process itself. 



' Class Size^ Teacher Attitudes and Teaching Practices 

Another area of class size research is that of teachers* attitudes and job satisfaction. 
Although this does not directly relate to student outcomes, it must be regarded as a 
critical aspect of the class size research. Studies in this area include the investigation 
undertaken by the National Education Association (1969) in the United States which 
found that teachers ranked class size as their second largest source of problems. A 
survey by the Queensland Teachers Union (1972) also found that class size did affect 
workload, and consequently, teachers' job satisfaction. 
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As well as dealing with achievement and affective outcomes, and the attitudes of 
teachei'S; class size research has also examined the more relevant issue of classroom 
practices. The usual means of measuring classroom practices is for an ob&erver to sit m 
the classroom and record the events that occur on an observation schedule. The findings 
have differed greatly between studies partly because different observation schedules 
have been used, Ryan and Greenfield (1975) have summari^.ed the findings from such 
studies, many of which were conducted at Teachers College, Columbia University, 

In particular, Vincent (1967) developed a measure called Indicators of Quality* 
dealing with teaching-learning procedures. Four main categories were noted - 
individualization, interpersonal regard, creative expression or divergency of thinking, and 
group activities. The scale was intended to measure attempts to accommodate 
individual differences In student growth, generate behaviour associated with warmth and 
respect among students and teachers, encourage the expression of intelligence in 
different ways, and facilitate group interaction to aid learning and Improve social skills. 
In the following year, Vincent (1968) applied this scale to assess the quality of instrucfion 
in over 4000 classrooms at both the primary and secondary levels. At the secondary 
level, the quality of instruction deteriorated when classes rose above 16 students, while 
at the primary level, three distinct levels of Instruction were observed. Classes below 16 
students scored well on the measure^ classes up to 25 students did not rate as well, and 
classes over 25 students received the poorest quality of instruction ratings. 

Olson (1970; 1971) applied a similar measure in a larger study and confirmed that 
smaller classes scored better on the ^indicator of nuality* scale, but he also noted that 
the subject being taught and the style of activity were more important factors in 
determining the quality of instruction, McClitskey (1978) warned that the data did not 
indicate that class size by itself governed quality. The type of educational activity 
appeared to be the determining factor. Some activities, such as discussion^ consistently 
received higher quality scores than others, such as lecturing, irrespective of class size. 
Alternatively, Shapson et al. (1978) found that class size led to very few changes in the 
functioning of the classroom. Ho significant change in the level of student participation 
vths noted. As class size increased, the amount of individualized interaction between 
students and teachers decreased because the teacher's time was distributed more 
sparsely amongst the students in the class. 

Another significant observation was concerned viith the number of teachers who 
failed to exploit the alleged opportunities avaflable in smaller classes. The high rate of 
mass-oriented instruction and the uniformity of instruction for all students in small 
classes was cited as evidence. It seenfis that reducing class size does not lead to 
dramatic changes in teaching behaviour and that the teacher's own style. Is a more 
important determinant of classroom activities than class size. It has also been suggested 
that teachers have developed skills and techniques applicable to classes of 20 students or 
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more and have not been taught how to optimise the opportunities provided by a omall 
class .situation. Despite these criticisms, the general tenor of the research relate.-; 
smaller classes to increased individualization. 

Summary of Research Findings 

Jn sumoiary, class size research is very inconclusive. Those studies which have 
concentrated upon academic achievement as a criterion were generally divided In their 
copclusions except for several select areas, notably very young and rejmedial students 
where smaJler classes were found to be beneficial. Other studies Involving educational 
process variables have generally supported class size reductions. Several important 
educational outcomes Including attitudes, values and psychological growth measures 
were generally found to Improve in smaller classes. In addition, teachers appeared to be 
virtually unanimous In the belief that they were more effective In smaller classes. 

The Work of Glass and Smith 

It was towards this large boc^y of research, which they described as 'overly selective and 
Insufficiently quantitative* that Glass and Smith (1978) directed themselves. Their 
specific aim was to draw a general conclusion which would Incorporate all the findings 
that Porwell (1978) labelled as contradictory and inconclusive In a review of the 
avaOable studies, J| 

Initially, Glass and his colleagues directed tlicmselves towards the academic 
achievement Issuq, Tliey Isolated approximately 80 studies which considered the class 
size-achievement relationship. Then they used these studies to form comparisons 
between classes of different sizes such that one- study could provide many comparisons if 
it contained groups of several sizes. Seven hundred comparisons were available for 
examination. A standardized difference between the achievement levels of the two 
classes In the comparison was formed. Using regression analysis techniques, the 700 
comparisons were combined into a dngle curve relating class size and achievement. The 
curve Implied that in terms of achievement, there were 33 percentile ranks between the 
level of achievement of an individually taught student and that of a student taught in e 
class of 40. ^ ' ^ . 

When forming their comparisons they noted the grade level, the subject taught, the 
ability of students andihe level of experimental control exercised in allocating teachers 
or students ih the original study. Neither the grade level, the subject taught nor the 
ability of the students affected the bade relationship, althougli ^smaller classes were 
foimd to be slightly more beneficial at the secondary level* The only f^ictor to alter the 
^ ^ curve significantly was the level of experimental control in placing students or teachers 




in small or large classes. About 100 of the comparisons came from well-controlled 
studies. The curve obtained using poorly-controlled studies where no control over 
students or teachers was evident provided an inverse relationship again, but the 
relationship was much weaker than for the controlled studies. Glass and Smith concluded 
that more was learnt in smaller classes, regardless of the circumstances. 

In the following year, Smith and Glass (1979) applied the same techniques to 
non-achievement outcomes inclujjing classroom processes, assessment of learning 
environments, student attitudes and behaviour as well as teacher satisfaction. About 70 
studies provided over 300 comparisons. Since the integration of a wide range of 
affective outcomes on a single scale might have seemed unusual, they also performed 
separate analyses with affective outcomes for students, affective outcomes for teachers 
and instructional environment effects. Using all the instructional and attitude 
measurements, they again constructed a single inverse curve between class size and 
non-achievement outcomes. The effect of reducing class size was more pronounced for 
non-achievement outcomes than for achievement outcomes. The difference in 
non-achievement outcomes between a student in a class of 1 and one in a class of 40 was 
46 percentile ranks. In all three specific categories, the same inverse relationship was 
exhibited although smaller classes were most influential upon teacher effects and least 
influential upon instructional effects. The improvement in non-achievement outcomes 
arising from decreasing class size was most evident at the primary level, xjontrary to the 
achievement outcome result, ^Iso, in contrast to achievement outcomes, uncontrolled 
studies were more supportive of smaller classes than were well-controlled studies. 

From these two studies. Glass and Smith concluded that class size influenced the 
classroom environment, and student and teacher attitudes. Perhaps independently, or 
perhaps because of these relationships, smaller classes were also associated with 
improved achievement. Although the scope of the research and the simplicity and 
general acceptability of the findings, have given these studies considerable appeal, 
several conclusions would appear to contradict some previous findings. In the earlier 
research, one instance where smaller classes apparently led to achievement gains was for 
younger children, yet Glass and Smith found that smaller classes had a larger impact 
upon achievement at the secondary level. Why was the inverse relationship noted for 
younger students, yet missed for older students when, according to Glass and Smith's 
findings, it should have been more obvious? Like some earlier research, they established 
a relationship between certain classroom practices and class size but did not suggest the 
consequences for achievement outcomes that would flow from the varying Incidence of 
certain practices. 

The implications of Glass and Smith's work are widespread in terms of the direction 
that educational policies might move. Consequently, the work has attracted criticism. 
The most extensive ^critique of their work was conducted by the Educational Research 



Service (1980), an 'independent, non-profit* American group, strongly supported by funds 
from school administrators* Their criticisms included the following points. 

1 The shape of the graphs was influenced by a significant proportion of comparisons 
involving atypical class sizes below five stu^lents. 

2 The 100 well-controlled comparisons came from only 14 studies such that the data 
base was not as extensive as suggested. Furthermore, only six of their 14 studies 
dealt with typical school situations* 

3 The methods used hid the distinctions made in specific class size studies since 
statistically diverse data were combined* 

Despite these criticisms, the simple manner in which Glass and Smith presented their 
findings meant that their results were more accessible and appealing than an enormous 
collection of inconclusive research findings that had previously served as a summary of 
class size research. Furtiiermore, their findings have given substance and quantity to the 
beliefs of most teachers. This Is something that the previous research was unable to do. 

Glass et ah (1982) answered their critics In Si?veral areas. They repeated their 
analyses with classes of one student omitted This was done since it was claimed that 
very small classes biased the curve. The shape of the curve remained unchanged. They 
defended the small data base by emphasizing that th€ poorly controlled studies also 
supported smaller classes although not as strortgiy as thft well -con trolled studies. Also, 
they denied that their methods hid dlstiru?t^ons bet^jecn J^fferent findings but claimed 
that by systematically classifying the findings, the lacraturc had been clarified, not 
fragmented. 

The problen:^ Is now to propose the i.Urecticn in which class size research should 
head as a result of Glass and Smith's \%orkr We do not ward to return to another cycle St 

^ Inconcludve studies. In one sense, Glass and Smith may be s<?en to have put the Issue to 
rest provided their results are correct* Obviously, v/cU^controlled studies are n^feded to 
replicate their findings. In addition, the question ^mu)^ now turn from 'Are small classes 
better?' to 'Why are smaller classes. better?* To answer th*s question, research workers 

V must return to the classroom. 

Class size could Infliience what go^^. on in the classroom, what teachers do, how 
they handle students, how attentive students are> what activities stotdents participate in 
and how students behave. These differences in classroom practices, in turn, could 
influence outcome measures like student acJlU^vement and attitudes. We have seen tlmt 
reductions in class size provide opportuniti^ for indivlAiflillzatlon, but to what ent^ht 
and In what ways do teachet^ exploit these changes? Furthermore, which of these 
changes are worthwhile In terms of achievement and attitude gains? Are all the facftts 
of individualization that are possibl<^ In smaller bosses beneficial or are only eertoln 
techniques advantageous in smaller classes? These questions all relate to the Idea that 
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certain behaviours can occur in smaller classes which can lead to outcome gains. It 
appeirs that class size research must return to the classroom again, examine classroom 
practices to understand further the mechanisms operating in smaller classes in the hope 
of identifying the causal thread that runs between smaller classes and gains in 
educational outcomes. 

m 



CHAPTER 3 



DESCRIPTION OF DATA 

The effects of class size upon classroom practices and achievement and attitudinal 
outcomes have been examined in this report using the data collected- in the study 
Educational Environment and Student Achievement (Keeves, 1972). Keeves' study 
provided suitable data since the general aim was to investigate the relationships between 
various measures of the student's home, classroom and peer group and the student*s 
performance at school. To this end, me&sures of the student's achievement and attitudes 
were recorded as well as measures of the classroom enviroflment, including class size and 
a wide range of teaching behaviours and classroom practices. Keeves' study has provided 
a set of data which were relevant to our proposed inquiry into class size and classroom 
process relationships. 

The details of the study and the scales and procedures used in the measurement of 
all variables have been recorded elsewhere (Keeves, 1972; 1974a; 1974b). Thus, it is 
only necessary to give a brief description of the investigation. The study was conducted 
during 1969 in the Australian Capital Territory (ACT) and concentrated u^on students 
who were entering Year 7 for the commencement of their secondary schooling. Year 7 
was chosen as the year level for investigation as the beginning of the secondary school 
represented a marked change in subject content and the students' learning experiences. 
The 3tU(V observed students in 72 classrooms and for the investigation of relationships 
with achievement and attitudinal outcomes, complete data were available on a total of 
1986 students. It should be noted that a smaller simple random sample of 231 students 
was used In a more Intensive Investigation into home background. The 72 classes and 
1986 students were drawn from a total population of 76 classrooms and 2348 students in 
15 schools. The subpopulation on which complete data were obtained thus represented 
almost all Year 7 students in the ACT during 1969, but because of the unique nature of 
the ACT population, should not be considered to bo fully typical of the entire Australian 
Year 7 population. The classrooms used in the Investigation covered a range of class 
sizes from 15 to 45 and the distribution of class sizes Is presented in Table 3.1 and 
displayed grAphicaUy on Figure 3.1. This represented a wider variation in class size than 
would be available in actual classrooms at the present time. 

In 1969, all the students took an initial science test at the beginning of the 
secondary school year. At the end oltho same year, the students were again tested In 
mathematics and science, but they were also asked to complete a general information 
booklet in order to obtain Information on the student's home background, and an attitude 
questionnaire concerned with attitudes to both science and mathematics^ liking of school 
and sdicol learning, academic motivation and self-regard. To gain information on the 
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classroom enviroi^ent, observations in science and .mathematics' classrooms and 
interviews with teachers were carried out during the second and third terms of the year. 
A preliminary program of classroom observation was conducted during the previous year, 
to provide practice iii the use of the classroom observation schedule so that more 
reliable and valid data could be collected. Furthermore, Keeves (1972) reported that the 
tests for science an</ mathematics as well as the attitude questionnaire w^re field tested 
and found to have satisfactory levels of reliabflity. A complete list of the variables 
employed in the investigation' and' a description of the scales and methods of 
measurement for each variable are provided Jn Appendix I. Reliability estimates, 
wherever appropriate, are reported In Appendix H. 

The measures of the classroom learning environment were divided into the 
structural 'and process dimensions. The structural dimension inclu<|ed n^casures of 
teacher^s age, sex, training and experience. For the school, the structural dimension 
included measures of class size and time allocated to instruction. For the students, the 
structural dimension measured factors like the sooio-cultural background! the home, 
the level of ethnicity^ and the time spent on homework. As such,, the! structural 
dimension recorded the characteristics of the teacher, the school and the student. These 
measures aro relevant to our stuc^y since they can be used to address questions like 
*Which teachers arct allocated to small classes?' or «Do soclo-culturally disadvantaged 
students receive instruction in small classes?* 
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For the process dimension, Keeves used previous research and, in particular, the 
review by Rosenshine (1971), to help identify seven different areas into which classroom 
practices could be grouped. The areas were as listed below. 

1 Adifccvement press . This area involved the emphasis that the teacher placed upon 
study and achievement, and typical variables included measures of the regularity of 
testing and the checking of the students* work. 

2 Independent study and inquiry .. This area was concerned with independent work 
being done by students and the amount of choice they had concerning their work* These 
measures were intended to record the leve' of individualization occurring in, the 
classroom* The flpdings of previous research, suggested that individualized instruction 
should be more prevalent in smaller classes. 



3 Work habits and order. These variables recorded the teacher's efforts towards 
developing a systematic and businesslike approach by students towards their work such 
that the classroom b^ame an orderly working environment. 

A Warmth and affiliation . The specific processes which were equated with teacher 
warmth included the incidence of supportive statements to students and the occurrence 
of sympathetic laughter in the classroom. Previous research has suggested that smaller 
classes would show greater degrees of teacher warmth since these classes were noted 
being more friendly and colieslve. 

5 Stimulation^ for learning . Items that were typical of a stimulating classroom 
environment^ncluded mca^ijres of the variety of instructional materials and the diversity 
of teaching: activities. Previous research had suggested that smaller classes provided 
increased opportunities for a wider rar^ of activities. 
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6 Use of language . These variables assessed the presence of different forms of 
communication between the teacher and the students in the class. 

7 ^ Academic guidance . The facets of academic guidance which appeared as process 
variables in the classroom included the amount of feedback given to the students 
concerning their Work,^ the time spent on actual learning, the time devoted to home 
study, and the time spent upon formal revision. These variable!; were intended to assess 
the types and amount of interaction between teachers and students with respect to their 
classroom work. ' 

It was considered that the areas into which the classrpom processes were divided 
covered adequately the range and types of behaviours and activities that occurred in the 
classrooms. This study has sought to detectif differences in class size led to varying 
incidence of these practices. J^^ll^ 

Hence, Keeves* data provided inforfntfh<Sifr on both mathematics and science 
teachers^ and mathematics and science classrooms. Furthermore, it provided an 
extensiv^ description of the activities occurring in the classrooms. The observation 
schedules for both types of classes were very similar with minor variations which allowed 
for differences in the activities which took place in these subjects. The observation 
schedules were field tested before the observational work commenced. In addition, 
following analyses of the data at the conclusion' of the classroom observation phase, 
items of low reliability or a high degree of skewness were deleted. The remaining 
process variables that have been used were considered to have satisfactory reliability. 
The above summary of the process variables is intended only to provide examples of the 
, variables relevant to each area and to indicate the general flavour of teacher and 
^ student behaviours that were recorded. ^ 

The data available from Keeves' study provided an opportunity to investigate the 
many facets of the class'size question in relation to educational outcomes. The presence 
of a relationship between teacher characteristics and class size would Indicate the types 
of teachers who were allocated to smaller classes. The characteristics of the students In 
the classes would indicate the types of students who were allocated to smaller or larger 
classes. Recognizing that remedial classes were usually small, It -could be anticipated 
that less pble students would be assigned more frequently to smaller classes. The. 
variation in certain classroom process variables as\^ass size changed would assist Jn 
providing answers to such questions as the level of individualization In smaller classes, 
the amount of teacher-student interaction In classes, the level of support provided by 
teachers, the use of educational materials, and the type and frequency of assessment 
procedures. All these measures would help to Identify the differences in student and 
teacher behaviour between large and small classes. By undertaking analyses to examine 
these practices and these effects the reasons for the alleged superiority of smalK^r 
classes should be better understood and explained. 
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CHAPTER 4 

CLASS SIZE RELATED MEASURES 

The first step in the study of class size which involved measures of the classroom 
environment and educational outcomes was to identify those variables, either from the 
structural or process dimension v;hioh varied as ^lass si;ze changed. Since the majority of 
the variables were relevant at the classroom level/ the class , was considered as the 
appropriate unit of analysis. This was because the majority of measures referred to 
behaviours by teachers or activities occurring in the classroom, both of which were 
relevant td the class as a whole. Otiier measures referred to characteristics of the 
teacher or the classroom (e.g. materials available) which were again relevant to the 
entire class, not just to a particular student. The choice of the class as the unit of 
analysis is consistent ytith several major studies noted by Burstein (1980) although there 
IS stai considerable debate concerning the best unit of analysis for a given situation. 
Some of these issues will be discussed later when comparisons are made between the 
results obtained from the use of different levels of analysis. 

To identify the variables which were stron^ly_>elated to class size, either 
classroom measures (If appropriate) or class averages for those variables collected at the 
student level have been used The latter variables refer either to measures of the home 
background or to the achievement and attitude measures collected from students through 
tests and questionnaires and the results have been 'aggregated to form class averages. 
Because of the large number of measures, a sifting procedui^ was developed, to 
determine which variables were related to class size. The product moment correlation 
coefficient between each variable and class size was calculated and all variables With a 
statistically significant correlation at the 10 per cent* level were noted. Although Jhe 
xJata provided population measures, and although statistical significance is only relevant 
where a sample has been drawn, the level of statistical significance associated with 72 
classrooms was considered suitable to screen the list of variables and to identify those 
related to class size. The correlation coefficients for all variables examined in this 
investigation in this way have been recorded in Appendix 11. In this chapter, apart from 
the correration coefficients for the aggregate variables reported in Table 4.1 all 
•correlation coefficients referred to in the discussion have been recorded in parentheses 
in the text* 

A further clie6k was conducted to establish whether the relationship between the 
variable and class size was either linear or curvilinear. This was done by ^dividing the 72 
dasses Into six groups^ ranging from very small to very large classes and then undertaking 
an analysis of variance for each variable with respect to class size. This was considered 
necess^rj^ because any variable found to be related to class size would be used in 



Table 4.1 Correlation Coefficients between Aggregated Variables and CUos 
' Siase Remaining after Screening 
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Positively related to class size :* 



Father's occupation 


0.35 


0.35 
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0.57 


Nuskber of liours of homework per week 


0.40 


w . jy 


Student's expected level of education 
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0.60 


Academic motivation 
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Attitude to school 
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0.17 
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Ethnicity of home 


-0.22 


-0.20 


Participation in pop culture activities 


-0,31 


-0,31 



All correlations are significant at the 10 per <;ent level for 72 
classrooms except where indicated by (NS). 



: , subsequent analyses using regression procedures, and the existence of curvilinear 

<^ relationships could confound the analyses* ' 
> Table 4.1 records the variables that were found to be related to claw size using 

both correlation and analysts of variance procedures; It should )!)e noted that 
mathematics variables were related to mathematics class size and similarly for science 
* variable^i while the remaining variable were related, to the class sizes for both 

subjects. AJl these variables ai^e class averages since the data were collected from the 

\ 

^ students and were aggregated to the classroom level before the correlations were 
^ calculated. TKb last three variables in the list (indicated by (its)} were related 
positively, but noV significantly to class size. Nevertheless, they were Included. In 
subsequent analyses because of their^ believed importance for achievement as ^uggesteid 

J \ by the research previously reported by Kecves (ld72)» 

While recognizing that the screening analyids was u^ng correlation techniques only 

_ ^ to refine the variable list, the initial impressions given by this table wer<s perplexing* 
The results suggested that larger classes were associated with superior achievement arid 
stronger affective outcomes* This was contrary to rrtuch of the previous research^ These 

'} I results might be explained by the relationships reported for both scien(^e prior 
adiievement and father's occupation, which were both positively correlated with cUss* 
size* This suggested that rppre able students ware beit^ placed In larger classes. It was' 
considered that only fron) h regression analysis where either prior id)tevement or 
socio-economic status could be allowed for would a more accurate lissessment of^the 
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effects of class size be possible. Th^ observation tjiat attitudes to the subjects of 
mathematics and science were not significantly related to class size, while many other 
attitudes were, was perhaps an §arly indication that an increase in class size might 
change attitudes from being favourable to less favourable. 

The correlations between the structural variables atid class size for science and 
mathematics classes are recorded in Tables A.4 and A.5 respectively in Appendix 11. For 
teacher characteristics, only one variable was related significantly to class size. In 
, mathematics, there was a positive , relationship between class size and the teacher's 
membership of a Mathematical Association (0.24). This result would appear to be trivial 
unless It was indicative of the fact that more competent teachers were assigned to 
larger classes. A lack of relationships betv/een teacher characteristics and class size is 
disappointing but not unexpected as teacher characteristics have a long history (Gage, 
1963; Rosenshine, 1971) of being poor predictors in classroom research. No science 
teacher variable was related to class size. 

For the s6hoo\ or classroom variables, the only variables from the structural 
dimension whidi were related positively to class size were the time on homework 
(Science: 0.44;- Mathematics: 0.43) and total time studying science and mathematics 
(Science: 0.37; Mathematics: 0.36). Negatively related to class size In mathematics 
classes were the proportion of students from foreign language homes (-0.23), the number 
of regular teachers (-0.34) and the number of teachers for the year (-0.31). Clearly 
larger classes were given more homework, but this could have been because they 
contained more able students, as noted earlier, or this might have been due to other 
factors Including class size. The finding that students from foreign language homes ^ere 
more evident in smaller classes is consistent with the, degree of ethnicity result found 
earlier, but it may be another consequence of less able students being assigned to smaller 
classes. The result that more teachers shared smaller classes on a regular basis Is harder 
to explain. Perhaps teachers shared the responsibility of remedial classes which were 
usually smaller than normal classes. Again, these results could be better explained using 
regression analysis since the effects of prior achievement could be controlled 
sti^tlstlcally. 

To consider the process variables more readily, the variables related to class size 
will be treated under the seven categories originally employed by Keeves (1972)# Since 
the teaching practices occurring in mathematics and science classes varied considerably, 
so too would the processes which. were related to class size In each, subject. Therefore, 
separate reference is made to mathematics and science classes wherever necessary. 
The correlations, between the process variables and class size for mathematics classes 
are recorded In Tables A.7 and A*9 and for science classes in Tables A.6 anrf A.8 In 
Appendix II. 
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1 Achievement press. For both mathematics and science, positive relationships 
were found between dass size and various forms of assessment, in particular, emphasis 
upon the satisfactory completion of homework (Science: 0.22; Mathematics: 0.31) and 
the frequency of reports being sent to parents (SjCience: 0.26} Mathematics: 0.26). In 
mathematics, (he range of assessment procedures used was also related positively (0.24) 
to class size. Foe both subjects there were no achievement press variables negatively 
related to class siz^. It would appear that larger classes had specific forms of 
assessment In each subject, either extended answer questions (0.26) In mathematics or 
short answer (0.29) and multiple choice questions (0.25) In science. Moreover, In larger 
classes, homework was more strictly monitored and official reporting more frequent. It 
would be interesting to know If these behaviours were a consequence of class size or the 
students' prior ability levels. 

2 Independent study and inquiry. Only one variable in this area was related to class 
size. For mathematics, the frequency of Invitations to students to participate In an 
investigation or inquiry (0.21) increased with class size. The absence of any negative 
correlates was surprising since previous research had indicated that smaller classes 
provided increased opportunities for individualized instruction. Furthermore, the 
original stu^ (Keeves, 1972) included measures to detect IndlvlduaUzed tea<dHng styles. 
These measured the diversity of^achlng methods as well as the frequency with which 
students were encouraged to act with autonomy. Clearly ther« was very HtUe evidence 
to suggest that the teachers were exploiting any differences In class size in spite of the 
fact that there was a considerable range of class slzes reported In the study. In addlUon, 
those Instances of Independent study and inquiry that were found to vary with class size 
were more prevalent in larger classes and not smallo- classes as might have been 
expected. 

3 Work habits and order. For sclence^lasses, as class size Increased there was 
greater usage of a pupfl note book (0.32) and|he teacher used less rebuke (-0.39) of any 
type to maintain order. The use of a pupU note book could well be a teaching strategy to 
maintain order In large classes. For mathematics classes; Ave work habit measures were 
related to dass size. In larger classes, teacherStemphaalzed the correct recording of 
homework (0.31), used one textbook extensively (0.56), and asked students to consider 
their work habits. (0.20) more carefully. The time spent writing (-0.35) and the amount of 
wasted time (-0.36) were less in larger dasses. The greater number of significant ' 
correlates for mathematics, when compared to science, suggested that science teachers 
emphasized work habits Independently of dass size whOe mathematics teachers to larger 
dasses concentrated upon homework, good work habits and not wasting tim? It Is 
difficult at this stage to detect If these findings were a consequence of class size or 
student abUity, but It was conslste,ntg»lth Keeves' (1972) observation that teachers of 



larger classes sought a higher level of industry, and appeared to teach more effectively. 
It would seem that larger mathematics classes were more orderly and work oriented. 

4 Warmth and affiliation . These variables assessed the warmth and level of 
affiliation in the classroom environment and the degree of encouragement shown by the 
teacher. For mathematics, teachers in larger classes gave more praise (0.3C) and less 
rebuke H.28) and were more supportive (0.29) of their students. This was contrary tc\ 
the research which suggested that smaller classes would be more friendly and more 
supportive. However, these results might be related to prior achievement. Interestingly, 
all forms of laughter were more prevalent in larger classes (Science: 0.19; 
Mathematics: 0.32). This seems to suggest another explanation as to why larger classes 
were related positively to many variables examined in this study. The presence of more 
students in larger classes might simply have led to more interaction occurring because a 
larger number of students could ask more questions, generate more laughter or prompt 
more supportive statements* This seems to imply that more behaviours were observed as 
a direct product of more students being present. Alternatively, it was possible that 
mathematics classes might need to exceed a certain critical size to develop a coherence 
and an atmosphere of lively interaction. 

For science, teachers seemed to reduce both other rewards (-0.21) and rebuke 
(-0^39) and make less positive support statements (-0.17) as class size increased. U 
appears that less interaction associated with warmth, and affiliation occurred as class 
size increased. The nature of the relationships between warmth and class size differed 
greatly between mathematics and science classes. This difference is best exemplified by 
the number of positive support statements whidi increased with class size in 
mathematics (0»29) but decreased with class size In science (-0.17). , 

5 Stimulation for learning . This domain sought to assess the diversity of activities 
in whidi the students and teachers participated. It was hoped that it would record the 
increased opportunities for using different teaching materials and teaching styles that 
the research had suggested were available once class size was reduced* Vov science, 
larger classes used a second textbook more frequently (0»31). For mathematics, larger 
classes saw more televbion (0*42) and had a greater number of activity changes (0.19V 
Such a small number of variables which were correlated significantly with class size 
would seem to suggest that teachers were not varying their instructional methods greatly 
as class sizes changed* 

6 Use of language . In this area of teaching practices an attempt was made to 
identify the different types of oral interaction occurring in classrooms* Only one 
variable was found to be significantly related to class size* In mathematics classes, 
more time was spent upon question and answer sessions as class size Increased (0*40). 
One plausible explanation has already been considered. This result might be a direct 



consequence of class size or simply a product of more students needing more time to ask 
more questions. Alternatively, it might be that in classes greater than a certain critical 
size it was possible to conduct more successful question and answer sessions because of 
the range of views present, 

7 Academic guidance . This area referred to the activities that teachers employed 
to guide their students in how to use their time and how to tackle their work. For 
mathematics, the amount of homework set {0.?1) and discussed in class (0,42) the number 
of questions asked by both students (0*26) and teachers (0,35) and the number of 
invitations to students to participate in academic work (0,19) were all related positively 
to class size. The frequency of revision homework (-0,21) and the number of 
teachei^student contacts (-0,45) decreased as class size increased. The variables 
mentioned here reiterate some earlier findingvS, Homework was again taken more 
seriously in larger classes. There was more questioning in larger classes but the 
questioning was distinct from teacher-stodent contacts which decreased with increased 
class size. This would seem to indicate that larger classes were more structured with 
direct questioning between teachers and students while smaller classes were less formal. 
For science, n distinct set of variables were found to be of interest. Large classes spent 
more time on revision (0,26), but like mathennatics classes, there was less contact 
between teachers and students (-0.41), The academic guidance category included many 
measures of homework and specific teaching behaviours. It was interesting to find that 
many of these practices were not related to class size. 

As well as noting those practices which varied withTclass size. It was also 
interesting to observe that many of the variables which U\e previous research had 
predicted would vary with class size did not appear to do so. This latter list Included the 
amount of laboratory or small group work In science. Irfs^ddition, the amount of 
feedback given to students and the amount of mass oriented instruction did not vary with 
class size. Many of these teaching practices were believed to vary with class size yet 
su<di variation was not detected in this Investigation. Although the effects of prior 
,^ achievement were uncertain, prior achievement certainly Influenced the allocation of 
students to classes. Consequently, It could be claimed that teachers adUusted their 
teaching styles on the basis of the achievement level of the class, not the class size. 
This could be true for some variables, but many of the variables, particularly those 
relating to increased Individualization, should have been more frequent in both less able 
and less numerous classes if the previous research findings were sustained. Since this 
was not found to be true, the effects of prior achievement would not appear to explain 
adequately the results for the exclusion of class size as an Important factor. 

Although the number of variables which were related to class size was smaller than 
expected, a significant set of variables was provided for further examination by the 
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screening process reported in this chapter. The effects of these variables and class size 
upon adiievement outcomes could only be examined using regression' analysis. The use of 
this strategy of analysis was necessary to control for the strong relationship between 
prior atiiievement and class size which has been reported above. Only in this way could 
an investigation of the effects of the differing mechanisms occurring within large and 
small classes be undertaken effectively. 
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CHAPTER 5 



CLASS SIZE AND CLASSROOM PROCESSES 

The Simple Causal Model 

In Chapter 4, the home background, structural and process dimension variables which 
were related to class size were identified, and It was possible to consider which of these 
variables mig^t give rise to changes in either achievement or affective qutcomes. 
Furthermore, it was argued that to examine the relationship between class size and 
educational outcomes, it was necessary that the influence of prior achievement should be 
controlled. 

In this chapter, we shall consider the class as the unit of analysis. The variables 
under examination may be classified as either teacher or classroom characteristics. 
Classroom characteristics is a general label which includes the structural, process and 
attitudinal measures associated with a particular classroom. This broad area Includes 
the use of educational materials, the practices and behaviours of teacher3 and students 
and the attitudes that students have towards themselves and their work. ' 

Teacher characteristics exist before a class is formed whereas classroom 
characteristics are a product of the combination of a particular teacher and a particular 
class. This distinction is important in the construction of a causal model to guide the 
analyses that must be carried out since the paths should indicate the directlon^of the 
causal and temporal relationships between the variables. 

An examination of teacher characteristics and their effects upon achievement has 
been shown to be largely unprofitable in previous research. Incorporating class size as an 
additloiial variable in this situation would be unlikely to change the nature of the^a 
findings since very few teacher variables have been found in this investigation to be 
significantly related to class size. Those that were found were either not linearly 
related to class size or not worthy of furtlier consideration thie to their largely trivial 
nature (e.g. membership of the Mathematical Association). The classroom 
characteristics were, however, ofjtreater Interest, and a number of these variables were 
related to class dze. A causal model relating class size, classroom characteristics and 
achievement outcomes was developed from a consideration of previous resi^arch 
discussed in earlier chapters. It is presented in the path diagram in Figure 5.1. 

The prior effects label was used in preference to prior achievement since a pretest 
measure was only available in science^ For mathematics, the most suitable prior effects 
measure was an index of social background. Its predictive power would clearly not be as 
strong as prior adiievement tnit its use was necessary in the absence of other measures. 
For the sa|ce of providing comparlsoi^s between science andjmathematlcs classy, the 
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causal model has also been developed with father's occupational status os a prior effect 
in science. Four relevant, educational outcomes woi^ available for consideration: 
achievement in mathematics and achievement in sciencei attitudes towards mathematics 
and attitudes towards science. All these measures were class averages, derived from 
achievement tests or attitude questionnaires which were answered by the students under 
survey* Between prior effects and the outcomes wera the mediating effects of class size 
and those classroom variables whidi were related to class size. 

To facilitate an easier pre-sentation and discussion of the causal model, the findings 
for each ..cof^i nation ot subject, prior effect and outcome are given separately* 
Achievement outcomes will be presented first. To assess the importance of any 
relationship associated with the causal model, a path coefficient of at least 0.10 was 
chosen to indicate a substantial ^relationship between two measures. Any path 
coefficient below this value was considered trivial as It would explain less than 
approximately one per cent of the variance of the dependent variable. The 
establishment of such a criterion was necessary since a population and not a sample '^as 
. under survey/ 

The results for the six separate regression models tqt Varying classroom 
characteristics are given in Tables 5.1 to 5.6. The path coefficients presented in the 
tables were obtalned^uslng the SPSS Regression program (Nle et al., 1970). 



Science Achievement Controlled for Prior Ach ie vement 

The path coefficients obtained from the analysis of science ac!iievement controlled for 
prior achievement are recorded In Table 5,1 for all classroom variables related to class 
size. These path coefficients arc given in parentheses where appropriate in the discussion 
that follows. The path coefficient p^^ is not recorded In Table 5,1 since It is a simple 
correlation coefficient between prior achievement and class size. For science classes, 
this correlation coefficient was 0,56 for prior achievement and 0.36 for father's 
occupational status. For mathematics classes, the correlation coefficient between 
father's occupational status and class size was 0.37. 

Prior achievement had an effect upon many classroom characteristics to the extent 
that the influence of class size on these characteristics was reduced when prior 
achievement was controlled. Those affective measures that were still related fo class 
size included the student's occupational aspirations (0.18) and educational aspirations 
(0.13) and academic motivation (0.13). It is of considerable Interest that these 
aspirations were greater in larger classes even after controlling for prior achievement. 
In addition, attltude^s to science (-0.14) decreased as class size Increased after adjusting 
for prior achievement. Many of the process variables remained related to class size. 
The most interesting results Involving teaching practices were that larger classes 
continued to spend more time reviewing work (0.42) but received less rebuke (-0.22). 

Prior achievement had a predictably strong effect on science achievement with a 
path coefficient commonly over 0.90. The size of the path coefficient arose from the 
use of class averages. Class size had a positive effect upon achievement for a majority 
of the classroom variables although the strength of the relationship was marginal. Only 
a small number of classroom characteristics influenced achievement. Again, the 
student's occupational aspirations (0.13) and educational aspirations (0,22) were related 
to achievement. Only one classroom practice was Important. The amount of positive 
Si^port given to students (0.10) had a significant path coefficient with achievement. The 
absence of any other process variables would seem to Indicate that the activities pursued 
by teachers in classes of differing sizes did not have a recognizable Influence upon 
achievement. 

A positive relationship between class size and achievement is contrary to the 
firtdlngs of Glass and Smith (1978). It could be argued that the model has ignored some 
variable which could explain more of the variation in science achievement. However, 
the absence of more st^stantlal relationships between the classroom processes and 
achievement was possibly due to the strong explanatory and predictive power of prior 
achievement. It is possible that this measure has accounted for so much of the variation 
in achievement that the other variables have been overshadowed^ For this reason, it is 
doubtful if the addition of other variables would change these results greatly. The 
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effects of class size upon a student's aspirations for his or her career and education and 
their subsequent effects upon acliievement suggest that, even after the effects of prior 
achievement have been avowed for, larger classes must be reinforcing these aspirations. 

Science Achievement Controlled for Occupational Status 

The findings using Occupational status as a prior effect are similar to those reported 
above, and the results for science achievement controlled for occupational status are 
presented in Table 5.2. Among the most important effects of class size was the raising 
of the occupational aspiratioas (0.34) and educational aspirations (0.34) of students 
although most of the other classroom characteristics maintained substantial relationships 
with class size in the present of the variable controlling for honie background. Fathers* 
occupational status had a strong influence (approximately 0.65) upon science 
achievement, but the path coefficient was not as great as with prior achievement. Class 
size continued to have a strong effect upon achievement (approximately 0.36). The path 
coefficient was much greater than when prior achievement was the controlling variable 
and its increase is viev/ed as a consequence of occupational status explaini^ less of the 
variation in achievement outcomes. This result adds strength to the earlier observation 
that the positive path coefficient between class size and achievement might be explained 
away if other suitable predictors could be incorporated Into the model. 

The attitude measures were important in predicting achievement outcomes. 
Students^ occupational aspirations (0.34) and educational expectations (0.70), attitudes to 
science (0.19) and sjU^rfT (0.15) and their level of participation in mathematics and 
science activities'{?7l4) all had positive path coefficients with science achievement. The 
students' level of partlcipa^n in pop culture activities had' a negative path coefficient 
(-0.18). In fact, the students* expected educational level (0.70) was a better predictor of 
science achievement than was occupational status and when it was included in the model, 
the path coefficients from both occupational status (0.15) and class size (0.13) to science 
achievement decreased marl<edly. 

The few process variables which were significantly related to science achievement 
were Interesting. It appeared that other punishment (0.13) Increased achievement while 
other reward (-0.10) reduced achievement levels. It seems that In science classes, 
Although class size does Influence some classroom practices, they in turn faQ to 
influence achievement. A ,more Important determinant of achievement b the extent to 
which favourable attitudes to the subject and to learning can be generated. To some 
extent, larger classes seem to Increase student aspirations. The positfvo relationship 
between class size and achievement is unexpected from the review of previous research. 
Although our findings are Internally consistent, there Is a suggestion that our model is 
incomplete in that the effects attributed to class size might possibly be due to other 
unidentified variables or to the operation of a dlffeiient causal model. 
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Table 5.2 Science Achievement Controlled for Occupational Status 
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^lathem atics Achievement Controlled for Occupational Status 

The findings from the previous chapter suggested that process variables may be more 
important in mathematics classes than in science classes* This was tested with the 
model presented in Figure 54 and the results of the analyses for ' mathematics 
achievement controlled for occupational status are presented m Table 5.3. Substantial 
relationships, with path coefficients greater than 0,10, were more numerous than for 
science classes with class size influencing all but two of the chosen classroom 
characteristics when occupational status was controlled, and furthermore, some of these 
different behaviours appeared to influence achievement outcomes. 

As with science, occupational status (approximately 0.65) and class size 
(^proximately 0,33) had a strong influence upon mathematics achievement. Attitude 
measures were again important in predicting achievement outcomes. The students' 
educational aspirations (0.67) and occupational aspirations (0.27) and attitude towards 
mathemaUcs (0.23) and school (0.12) had positive path coefficients, while participation in 
^ pop culture activities (-0.14) had a negative relationship. As for science classes, the 
^ students' expected education level was a better predictor of achievement than 
occupational status. Several other classroom variables were significant. The use of 
extended answer tests (0.16) and a broad range of assessments (0.16) increased 
achievement. In addition, the time spent on mathematics (0.19), the time spent writing 
(0.12), the number of invitations for students to participate (0.19) and inquire (0.11) into 
academic work, and consideration o/ work habits (0.12) all enhanced achievement, while • 
the number of regular teachers (-0.15), and number of teachers throughout the year 
("O.IO), the time spent on unclassified activities (-0.14) and the number of rebuke 
statements (-0.15) to students all had substantial negative path coefficients. 

Whae attitudes were found to be important in mathematics classes, the model also 
contained many significant process variables. The increased fruitfulness of mathematics 
classes for an investigation of process variables has made the absence of a pretest 
measure • more regrettable. The strong path coefficient between class size and 
achievement (approximately 0.33) would probably be weakened if a prior achievement 
measure were available. Nevertheless, all three achievement situations that have been 
considered have indicated a positive relationship between class size and achievement, 
even when prior achievement or occupational status was Incorporated into the model. 

In general, the results of the analysis of the causal model for achievement 
outcomes could be summarized In a few observations. First, the effects of class size 
upon pix)cess variables were more pronounced In mathematics classes and many of the 
processes produced changes in achievement. For both science and mathematics classes, 
certain attitudes led to djear gains in achievement. Tn particular, larger classes would 
appear to generate greater aspirations for the future and these hopes appeared to be 
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Table 5.3 Mathematics Achievement Controlled for Occupational Status 
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A £ C 

U.OD 


A o'l 

U.J 1 


0.09 


.Written record of homework 


0. lA 


0. 20 


O.qo 


A 0/ 

0. 34 


0.03 


Record homework in notebook 


0.29 


A 01 




A 00 
U.J J 


0.07 


Homework discussed 


O.Oo 


A OQ 


AA 
U .00 


ft 11 

U. J J 


0.04 


Homework must be completed 




A "o^ 


U.OO 


ft 1A 
U . OH 


0.01 


Homework work habits score 


A OA 

0 • 20 


A OA 


A A Q 


A 10 

U. Jz 


0.07 


Homework completed score 




A 0-5 


ft A'? 


U. Jo 


0.04 


Frequency reports sent home 


0.01 


0.26 


0.66 


0.39 


-0.20 


Use of textbook A 


0*29 


0.42 


0.66 


0.34 


0.02 


Use of printed workbook 


-0.11 


-0.29 


0.66 


0.33 


-0.04 


Uie of TV 


0.03 


o75T 


0.67 


0.37 


-0.08 


Prop'n from foreign language homes 


-0.48 


-0.06 


0.63 


0.34 


-0.07 


Time on maths homework 


0.2i. 


0.36 


0.65 


0.33 


0.05 


Total time on maths 


0.19 


0.28 


0.63 


0.29 


0.19 


Total time on homework 


0.55 


0.17 


0.65 


0.34 


0.02 


Number of teachers in year 


-0.23 


-0.21 


0.6A 


0.32 


-0»10 



* Path coefficients greater than 0.10 are underlined. 

^ • (continued) 
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Table 5.3 Mathematics Achievement Controlled for Occupational Status (continued) 





Classroom characteristic 


Mathematics achievement 




rp(^ rP4 spd 


on 






on 




Occupational 


Class 


Occupational 


Class 


01 assrooih 


^ 72 


status 


size 


status 


size 


characteristic 


Cltssroom characteristic 




P32 


P41 


?42 


P43 


Humber of regular teachers 


-0.19 


-0.27 


0.64 


0.30 


-0.15 


Time on question and ansver session 


-0.06 


o.aT 


0.66 


0.39 


-0.11 


Time students write 


-0.03 


-0.30 


0.67 


V.38 


0. 12 


Unclassified tiiae 


0.04 


-oTao 


0.67 


0. 29 




Number of changes in activity 


-0.25 


0^26 


0 .67 




0 n? 


Teacher contacts student 




\f . JO 








Teacher asks question 




n 17 




n 11 


n ni 


Student asks question 


0.15 


0.20 




0.34 


0.04 


Invitation to participate 


-0.09 


0.22 


0.68 


0.30 


0.19 


Invitation to inquire 


0 19 


oTT? 




n 11 


U . 1 1 


Consider work habits 


-0.21 


OT28 


0T?9 


0.31 


oTT? 


Casual praise 


-0.31 


O.Al 


0.65 


0.36 


-0.05 








U .0!) 


0.37 


-0.06 


Other punishment 


0.04 


-0.17 


0.67 


0.31 


-0.18 


Deliberate rebuke 


0.01 


-0.28 


0.67 


0.30 


-0.15 


Total rebuke 


-0.21 


-0.20 


0.63 


0.31 


-0.15 


Positive support 


-0.16 


0.32 


0.66 


0.36 


-0.05 


XiAughter with 


0.03 


0.03 


0.66 


0.34 


0.02 


Laughter at 


0^20 


0.23 


0.67 


0.35 


-0.01 


^ Path coefficients greater than 0*10 


are underlined. 
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Table 5.4 Attitudes to Sc ien ce Controlled Jor Prior Achie vement 





Sc ience 


at t L tudes 




N ■« 72 


Prior 


Class 


Classroom 


achievement 


size 


characteristic 


Classroom characteristic 




P42 


P43 


Ethnicity of home 


0.55 


-0.11 


0.16 


Occupational aspirations 


0.29 


-0.20 


0,37 


Number of hours' homework per week 


0.42 


-oTTs 


0 9 1 


Educational aspirations 


0.16 


-072O 


0.47 


Pop culture activities 


0.45 


-0.14 


-0.16 


Math.a/science activities 


0.35 


-0. 11 


0,48 


Academic motivation 


0.46 


-0.18 


Os 


Iiike school 


0.34 


-0.16 


0.46 


Use of short answer tests 


0.54 


-0. 13 


0.00 


Use of multiple choice tests 


0.56 


-0.17 


0. 10 


Assessments involving student choice 


0.53 


-0.13 


0,02 


Homework reprimand given 


0.53 


-0. 16 


0. 1 1 


Frequency reports sent home 


0.58 


-0,19 


(TT? 


Use of textbook B 


0.57 


-0,19 


0.11 


Use of pupil notebook 


0,53 


-0, 14 




Prop*n from foreign language homes 


0,59 




n 1 1 


Time on science homework 


0T54 


-0.13 


-0,02 


Total time on science 


0.54 


-oTu 


0.00 


Time on all homework 


0.44 


-0.15 


0.18 


Teacher reviews work 


0.52 


-0.10 


-0.07 


TeacheV contacts student 


0.58 


-0.12 


0.11 


Other reward 


0.60 


-0.12 


0.22 


Casual rebuke 


0.59 


-0.12 


0.14 


Deliberate rebuke 


0.54 


-o7i7 


0765 


Other punishment 


0.55 


-0.12 


0.06 


Total rebuke 


0.56 


-0.12 


0.07 


Positive support 


0.60 


-0.12 


0.28 



Path coefficients greater than O.IO are underlined. 



reflected in achievement gains. It would seem that by collecting able students in larger 
classes their ambitions were raised above the normal, either by competition, general 
classroom climate or in some unknown way, and this influenced their achievement. 

Attitudes to Science Controlled for Prior Achievement 

The path coefficients obtained from the analysis of the model for attitudes to science 
controlled for prior achievement are presented in Table 5.4. The effects of prior-, 
achievement and class size upon the classroom characteristics were the same as for 
achievement outcomes, so it is only necessary to discuss the effects of prior 
achievement, class size and classroom characteristics upon attitudes to science. Prior 
achievement had a substantial positive influence upon attitudes to science 
(approximately 0.55)i while class size had a substantial negative path ccefficient 
(approximately -0.15) with attitudes to science for all classroom characteristics* The 
negative path coefficient between class size and attitudes to science Is an expected 
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Table 5.5 Attitudes to Science Controlled for Occupational Status 





Science 


at t itudes 


regressed on 


N » 72 ^ 


Occupat ional 


Class 


Classroom 


8 1 atus 


s Lze 


characteristic 


ClassrooQx cUaracterisCic 


P41 


P42 


PA3 


Ethnicity of home 


0,43 


0.05 


0.17 


Occupational aspirations 


O.ll 


-0.14, 


0.48 


Muniber of hours homework per week 


0.28 


-0.03 


0.24 


Educational aspirations 


0.04 


-0.20 


0.65 


Pop culture activities 


0.33 


-0.02 


-0.23 


Haths/science activities 


0.25 


-O.Ol 


0.50 


Academic motivation 


0.31 


-0.04 


0.37 


Like school 


0.26 


-0.06 


0.49 


Use of short answer tests 


0.41 


0.01 


0.02 


Use of multiple choice tests 


0.42 


0.00 


0.06 


Assessments involving student choice 


0.40 


0.02 


0.07 


Homework reprimand given 


o.a: 


-0.01 


0.14 


Frequency reports sent home 


0.41 


0.03 


-0.03 


Use of textbook B 


0.41 


0.01 


0.01 


Use of pupil notebook 


0.39 


-0.01 


O.IO 


Prop'n from foreign language homes 


0.47 


0.03 


O.ll 


Time on science homework 


0.42 


0.04 


-0.06 


Total time on science 


0.41 


0.01 


0.04 


Time on all homework 


0.30 


-0.02 


0.21 


Teacher revises work 


0.39 


0.06 


-0.14 


Teacher contacts student 


0.46 


0.05 


O.ll 


Other reward 


0.44 


0.04 


0.17 


Casual rebuke 




0.04 


ITU 


Deliberate rebuke 


02 


0.03 


TTUJ 


Other punishment 


0.4^ 


0.04 


0.15 


Total rebuke 


0.46 


0.05 


oTTT 


Positive support 


0.42 


0.05 


0.21 



Path coefficients greater than 0.10 are underlined. 



result from the research of Smith and Glass (1979) and confirms that increased class size 
does damage students' attitudes'to that particular subject. 

In addition^ all the home background and attitudinal measures had a substantial 
influence upon attitudes to science. This was not surprising since the attitudes measured 
would be components of a more general attitude. Many of the structural and process 
measures considered in the model also influenced attitudes to science. Among the 
strongest predictors were the use of other rewards (0.22)^ the amountpf^i^itiye support 
(0.28) and the time spent on homework (0.18). Unlike achievement outcomes^ It appeared 
that there were some process variables that were good predictors of affective outcomes 
in science classes. 

Attitudes to Science Controlled for Occupational Status 

In Table 5.5 the path coefficients for the model with attitudes to science controlled for 
occupational status are recorded. Just as for achievement outcomes, occupational status 



was no4 as strong a predictor of attitudes towards science as was prior achievement. 
The path coefficient between occupational status and attitude to science fluctuated 
markedly depending upon the predictive power of specific classroom characteristics, 
although it was almost always substantial. The presence of suppressor effects was 
suspected. The relationship between class size and attitudes towards science was usually 
negligible, but again it varied according to the classroom variable being considered. The 
same set of attitude variables as listed for achievement outcomes continued to have 
substantial path coefficients. 

When the attitude measures showed larger path coefficients, the predictive power 
of occupational status decreased and the path coefficient between dass size and attitude 
to science changed from positive to negative values. Many of the other classroom 
characteristics had a substantial influence upon attitudes to science. The main 
predictors were again the use of other reward (iJ,17), the amount of positive support 
(0.21) and the time spent on homework (0,21), 

Attitudes to Mathematics Controlle d for Occupational Status 

The relationships for attitudes to mathematics when occupational status was used as the 
control were surprising and the path coefficients have been recorded in Table 5,6, The 
direct path coefficient between these two measures was not strong with most values in 
the vicinity of zero although different classroom characteristics generated fluctuations. 
Class size sometimes had a substantial positive path coefficient with attitudes to 
mathematics but again this varied according to the classroom variable under 
consideration. 

All the attitude measures were substantially related to attitudes to mathematics. 
The direction of the relationship was positive except for tfe students' participation In 
pop culture activities (-0,31), As noted for the corresponding analysis of science 
attitudes, as the path coefficients between certain attitudes and the attitudes to 
mathematics measure Increased, the path coefficient between occupational status and 
attitudes to mathematics became negative and the path coefficients from class size 
either decreased or became negative. Many of the process measures possessed 
substantial path coefficients. The main predictors of attitudes to mathematics Included 
the amount of laughter (laughter with: 0,27^ laughter at: 0,31), the number of 
invitations for students to participate or Inquire (0,24) and the number of work habit 
comments (0.29), The use of a major textbook damaged attitudes (-0,24), 

In general, the results from the analysis of the causal model for affective outcomes 
could be summarized as foUows, First, the effect of class size upon attitudes appears to 
be hidden unless prior achievement Is Included as a predictor to account for much of the 
variation In attitudes and thus reveal a negative relationship. Even after controlling for 
prior effects, most of the attitude measures collected In the original study appeared to 
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be substantially related to attitudes to these two subjects. This is not surprising since all 
these measures could well be components of a general attitude dimension. Finally, 
classroom practices seemed to have less effedt upon achievement than upon attitudes 
sudi that achievement appeared to be independent of most of the teacher behaviours 
that were related to class size. 

One disappointing feature of the analyses of the causal models for all outcomes 
was the small number of classroom characteristics which substantially affected 
achievement outcomes. The use of only individual classroom variables is a valid 
criticism of the model and the subsequent analyses. It might have been more appropriate 
to have combined several .classroom process variables into one compound variate with 
the hope of producing a stronger classroom effect. This was considered but the 
construction of such a compound variate was rejected since it would have required the 
combination of conceptually different variables, including time measures, frequency 
counts and interview schedule results. It was decided that for the analyses reported in 
this investigation it would be desirable to simplify the issues of interpretation so that 
comparisons across levels of analysis would be more meaningful. Furthermore, the 
current list of variables did contain some combined measures for homework, assessment 
and the use of teaching aids. These variables represented compound measures of a 
specific range of classroom activities and some of these variables were examined in the 
causal model. 

Another difflculty with the analyses conducted, particularly when a prior 
achievement measure was absent, was to explain enough variation in achievement so that 
the effect of class size would be validly observed. To overcome this difficulty, It would 
be necessary to identify other variables which might be introduced into the model. 
These new variables should explain variation in achievement, distinct from that already 
explained by prior achievement . or more especially by occupational status. To Identify 
these additional variables, the best clue is given in the regression models for science and 
mathematics achievement already constructed. In most of these models, a collection of 
attitude measures possessed substantial path coefficients when either prior achievement 
or occupational status was controlled. The general attitude measures in the model 
included the students* occupational and educational aspirations, attitudes tl^ school, 
academic motivation and level of participation in mathematics or science activities. 
These five attitude measures provided an important additional dimension to the causal 



A Causal Model Incorporating Attitudes 

The usefulness of the attitude measures as a si^plement to the predictive power of prior 
achievement or occupational status was indicated by the analyses with the simple causal 
model. Class size had a substantial effect upon aspirational measures and academic 



model. 
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Table 5.6 Att itudes to Mathematics Contro lled for Occupat ional Sta tus 



Mathematics attitudes regressed on 



W « 72 

ClifSdroom characteristic 

Ethnicity of home 
Occupational aspirations 
Niiwbcr of hours homework per week 
Educational aspirations 
Pop culture activities 
Matha/science activities 
Academic motivation 
Like school 

Use of extended answer tests 
Range of afist^sstzient 
Frequency of revision homework 
Frequ'Jncy of homework aet 
Written record of homework 
Record homework in notebook 
Homework discussed 
Homework must be completed 
Homework work habits score 
Homework completed score 
Frequency reports*^sent hotoe 
Use of textbook A 
Use of printed workbook 
Use of TV 

Prop'n from foreign language homes 

Time on maths hoinework 

Total titae on maths 

Total time on homework 

Number of teachers in year 

Number of regular teachers 

Time on question and answer session 

Time students write 

Unclassified time 

Number of changes in activity 

Teacher contacts student 

Teacher asks question 

Student asks question i^ 

Invitation to participate 

Invitation to inquire 

Consider work habits 

Casual praise 

Total praise 

Other punishment 

Deliberate rebuke 

Total rebuke 

Positive support 

Laughter with 

Laughter at 



Occupational 


Class 


Classroom 


status 


size 


character is 






P43 


0.03 


0.16 


0.10 


-0.25 


0,01 


O.AO 


-0.05 


0.12 


0.12 


-0*50 


-0*09 


0,72 


--■0.09 


O.OS 


-0.31 


"-0.07 


0.13 


0.26 


-0.15 


07 




-C, 16 


0.06 


0.50 




O.U 


0.06 


o.ei 


0.1a 


0,02 


0 01 


0 JA 


-0 03 


o,oz 


0*15 


0 03 




oTH 


-0.02 




"oTos 


0*30 


0,01 


0.14 


0*00 


-0.02 


0,09 


0.16 


-0*01 


0.09 


O.'IT 


-0.O3 


0.08 


0.21 


0.02 


0.19 




0.09 


0.23 


-0.2A 


0*G3 


0»iA 


Q.05 


0.G2 




-0.16 


0.11 




oTTa 


0.02 


oTf? 




-0.01 


0.09 


0.13 


-0.09 


OJO 


0.19 


0.00 


0.10 


-O.iQ 


0.01 


^rnr 


-OJ 


0.01 


0.19 


-0.16 


0.02 


0.16 


a. 09 


0.02 


inrs 


-0.06 


0.02 


0.12 


0.01 


t O.OA 


0.19 


0.17 


0.02 


0.08 


oTK 


0.00 


0.09 


0,17 


O.OA 


0.07 


0.24 


-0.01 


0.09 




O.OS 


0.05 


0.29- 


0.06 


0.07 


0.13 


0.07 


0.06 


0.15^ 


0.01 


0.15 


0.14 


0.02 


0.13 


0.03 


0.05 


0.15 


O.IA 


0.01 


O.IA 


-0.05 


0.01 


0.05 


0.27 


-O.OA 


0.05 


0.31 



Path coefficients greater than O.IO are underlined. 
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niotiyatior. [n three Todds. All the attitude measures that were discussed (except for 
'^.ea'iemic rp estivation) had a substantial effect upon achievement even after controlling 
for the inrlu?»vc€ of prior effect measures. In order to develop a causal model which 
ircorporafso the eddii.onal effect of attitudes, it must be recalled that all attitude 
measures vtere cbt^^ued towards the end of student's year In Year ?• Hence, these 
ittitLdp r^^eaf^res do not represent a prior effect but should be viewed as a component of 
th? f^nvtrDnrr.ent of ih^, ^lassrocm. As such, the students' attitudes could be influenced 
by dess sl/*>. Morecvcs the interaction between attitudes and the processes which 
oc'^ur in 'he ^lasi^rnoin are complex. The activities that teachers pursue can influence 
student aK^r^ci.^tJcri af the subject and hence their attitudes. Alternatively, teachers 
Tiay perof^ive the presence of favourable attitudes and the students' enthusiasm and 
rnc-iiry their fcehav?-->ur vo -natch a particular class. In view of the fact that the effects 
of cfassi'com chararterlstics upon attitudes to school subjects have already been 
ocnsi^eiH. it may more profitable to assess the effects of the presence of favourable 
feRC' unfavourable £ttt;tndes upon the behaviours and practices that the teachers employed. 

Ths gocond causal model relating class size, classroom behaviours, attitudes and 
acedtNnle achicvenicnl that has been discussed In the previous paragraphs is given In 
rigrjre 5.2. Since attitude measures are Included In the model, It Is necessary to restrict 
the analyses to a consideution of achievement outcomes only. Since all five attitude 
measures were obtained from questionnaires, It was considered possible to develop a 
g'^neral attitude measure from the five variables using factor analysis. The results of this 
analysis have been reported In Appendix III. While the use of a general attitude measure 
»night seem theoretically preferable, some investigatory runs with the measure Indicated 
that it would not be as productive as the analyses using the specific attitude measures 
since it faUed to provide an understanding of the relevance and Importance of different 
facets of the students* attitudes. The causal model was examined for science classes 
using only prior achievement as the prior effects variable. The model included only the 
one process variable which had been found to have a substantial effect upon science 
achievement using the first model. The results of the examination of the causal model 
given in Figure 5.2 are presented In Table 5.7. 

1 Students' occupational aspirations . The Inclusion of this attitude appeared to 
make little difference to the effect of class size. The most Interesting finding was that 
the amount of support given by teachers decreased as prior achievement Increased 
(-0.44), as attitudes Increased (-0.35), and as class size grew (-0.12). It appeared that 
teachers did not waste their support on classes of high-achieving, well-motivated 
students. Prior achievement (0.86), students* occupational aspirations (0.10), and the 
amount of positive support (O.IC) were all substantial predictors of science achievement, 
whUe the effect of class size upon achievement was still positive (0.08), but no longer 
substantial, after adjustment for the factors included in the model. 
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Prior Achievement Ciass Size 




Achievement 

Figure S.2 Causal Model <t the between Cli^oseg Level of Analyaio Including 
Attitudes y Clage Si:^& and Claafirooci Characterittici 



2 Students^ educational aspirations* The inclusion of this attitude Into the causal 
model is very perplexing, for although the effect of class 3ize upon pailtlve support did 
change sUg^y H.17), the effect pf prior achievement upon positive support changed 
markedly (-0.90)* It seems tha^ prior adilevement and the students' educational 
aspirations are confounded by eiph other's influence and that the attitude measure was 
havli« an- extreme effect upon positive supporfcr{^.85K ^The change In the path 
coefficient suggested that educational aspirations have act^sd as a suppressor variable 
and hence altered the predictive power of the other variables. The effect of all four 
predictors upon academic achievement was slmDar to the previous attitude measure ^ 
except that educational aspirations (0«14) were superior to occupational aspirations as a 
predictor of achievement. The effects pf positive support (0.08) and cle^ss size (0..08) 
viext still posltlvei but not substantiaL 

3 Mathematics/science activities, academic motivation and attitudes to schooL The 
effect of class size upon positive support was unchanged by the addition of any of Ihese 



Table 5.7 Path Coefficients 


for 


the Analysis of the Causal Model at 


the 


between Classes Level 


crfsAna lys is 










Prior 


Class 




N « 72 ^ ' 




ach icveoeut 


size 


n L L L LUaC 


Positive support regressed on 






P42 ^ 




Occupational aspirations 


^ 




-0 .112 


-0.35 


Educational aspirations 




\ -0.90 


-oTv 


0.85 


Academic motivation 




\ -0T20 


-Q.OIS. 


oToT 


Like school 




\ -0.23 


-0.06 


0.06 


Maths/science activities 




\ -0,28 


-0,05 , 


O.Ji9 






T T ' ' 

\ Prior Class 




• • 

Pos it ive 






acl)ievenient siz^ 


At t itudG 




Science achievement regressed 


on 


P51 P52 


P53 


P5A 


Occupational aspirations 




0.86 0.08 


0.10 


,0.10 


Educational aspirations 




0.80 0.08 


0.14 


0.0a 


Academic motivation 




(JT9T 0*09 


oTo5 


0.11 


Like school 




0.90 0.10 


0.05 


0.11 


Maths/science activities 




0.91 0.10 


0.05 


0.10 • 


^ Path coefficients greater 


than O.IO are underlined. 







three variables. Furthermore, none of these variables was as strong a predictor of 
science achievement' as were the first two attitude variables considered above, and 
hence the effect of class size upon achievement remained substantial (approximately 
0.10). The amount of positive support given by teachers maintained a substantial path 
coefficient approximately 0.11) with science achievement in each case. 

The addition of attitude measures to the causal model was Interesting if the 
students' occupational and educational aspirations were considered. These measures did 
not greatly influence the relationship between class size and positive support, or the 
relationship between positive support and science achievement, but influenced instead, 
the relationship between class size and science achievement. The attitude measures help 
to explain a greater proportion of variation in achievement and hence the effect of class 
size was reduced, occasionally to non-substantial levels. Despite the weakening of the 
effect of class size in comparison to the previous model to the point where it was barely 
substantial, the relationship was still consistently positjve. This remains a result 
contrary to the extensive body of previous research reviewed. 

The relative effect of the students* occupational and educational aspiration 
measures when compared to those of academic motivation^ partlclpaMon In mathematics 
and science acJivities and attitudes to school can be matched to cercaln results 'from the 
factor analysis of these five attitudes. Although aU five measures were aligned on the 
first principal factor, presumably some general attitude factor (see Appendix HI), the 
two asplrational measures were assigned negative values for the secor^tjhprlnclpal factor 
while the other three attitudes were assigned positive values. This appeared to Indicate 




a distinction between the aspirational measures and the other attitudes, although it 
would seem difficult to find an appropriate label for the second facior. 

Summary and Conclusion 

A perplexing result is the consistent positive relationship between class size and 
achievement in both subjects. The use of a prior achievement measure v/ent part of the 
way t reducing the strength of this link, but it has remained substantial in the presence 
of controls with achievement, occupational statua^^and attitudes. The inclusion of 
additional predictors may further reduce its influence, but its persistence as a predictor 
of academic achievement in all models does suggest that the result has some strength. It 
appears that large classes, even after controlling for the presence of high performing 
students, were able to generate additional achievement ga^ns. Furthermore, these 
achievement gains went beyond the effects of the process dimension which might have 
suggested that teachers of larger classes employed superior teaching styles. It would 
appear that the achievement gains possible in larger classes were an indirect 
consequence of certain properties or characteristics of the students who formed the 
classes, for they would appear to interact with each other and amplify achievement 
beyond its initial level. This phenomenon would seem to be a product of the way 
students are chosen for larc:r classes, and the attitudes of students in these classes, for 
they have produced an enhancing effect. 

Apart from achievement scores, it is hard to identify those student characteristics 
which influence placement in particular classes.. The high correlation between prior 
achievement and class size does indicate that School Principals or Subject Coordinators 
allow the size of high performing classes to creep uif^The students ift these classes must 
be sufficiently well motivated to support their^ position. Although no measurements of 
attitudes at the commencement of the^^f^r were^ available, there appears to be some 
intieraction between achievement, class size and attitudes* We have already considereld* 
the effect of class size upon attitudes)KB|t it seemed that being well motivated and able 
influenced the size of ^ther-ckss to which a student w&s allocated* Therefore, there is a 
two*why interaction betyveen class size and attitudes, and this interaction should be 
incorporated into a regression model. Such-'fl^ model,/ appropriate to our present 
considerations, has been examined in Chapter 8. It was hoped that It would* provide 
further insight into how students were allocated to classes by iderv^fying <^hev factors 
used in placing students. Furthcrmpre, these factors ml^ht explaiivhow the assemblage 
of able students was able to produce enjiaftced achievement gains. ,^ - 

In oonclusion, we can note that class size, did affect a range of* classroom 
ifactivities, particularly in mathematics,' but that the number of variables so affected was^ 
a small percent^ of ^^^^ ^^^^ number of varjab^ investigated in the stydy. However, 
the incidence of' certain activities was not enfirnly consisten^ithihe scenarios of small 



aad large classes painted in debate and research* It appears that class size h6s a slight 
positive effect upon achievement in both subjects although the reasons for this result are 
still hidden in the way that large and small classes are formed and develop. As such, 
classroom process variables v/ere not found to be as important a determinant of 
achievement as was originally supposed, for It seems that the attitudinal interactions 
among the students that form a class arc a more important factor than the teaching and 
learning activities that occur within the classroom. 

Although the relationship that has been found between class size and achievement 
16 contrary to the research summary provided by Glass and^mith (1978), an examination 
of the attitude meas'jres provided further understanding of how groups of able students 
seemed to enhance their achievement levels. It should be noted that although our 
findings disagree with Glass and Smith, they are consistent with several major 
non-experimental studies noted in tlie review of previous rt^search. Moreover, 
throughout the analyses attempts have been made to control for some of the criticisms 
that were levelled against studies where measures were not taken to^compensate for 
prior achievement differences. Furthermore, an e^camination Sas Seen carried out into 
mechanisms operating in large and small classes using a wide range of structural and 
process variables. The small number of interesting results from this list of variables 
^.onfirnfis the observation made by Ryan and Greenfield (1975) that teachers were^not 
exploiting the opportunities available iTl^haller classes* Our findings suggest that the 
ability of the class, rather than the size of the class, is a more important factor 
influencing the use of various teaching styles. 

Finally, we found some support for the claim that large classes damaged attitudes. 
In science classes, where prior adil vement measures were available, a sub3tantial 
negative path coefficient between class size and attitudes to science was observed after 
controlling for other relevant factors in the causal model. This finding represented 
support for the claim that class size can damage student attitudes to a subject. It was 
also found that many classroom processes had an efl^'ct upon the students' attitudes 
towards that subject. As such, this investigation has contradicted m^ny of the research 
findings from the nchievement domain, but supported the findings from the affective 




domain. 



/ 
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CHAPTER 6 

THE EFFECT OF CLASS SIZE AT THE STUDENT LEVEL 

The causal model that was developed and discussed the previous chapter concentrated 
upon class size, classroom processes and educational outcomes with the class as the unit 
of analysis. Although the choice of the level of analysis //as well justified by the 
character of Jhe original measurements, the class does not need to be Ihe sole unit of 
analysis. In fact, the use of a single unit of analysis has been criticized. As Rogosa 
(1978^ explained: 

. * . no one level is. uniquely responsible for the delivery and response to educational 
programs . . . confining substantive questions to any one level of analysis is unlikely 
to be a productive research strategy* (Rogosa, 1978:83) 

As a response to this comment, it is desirable to conduct furvy.er analyses using the 
student as the unit of analysis. 

The use of class initially as the unit of analysis seemed a natural choice since the 
primary aim of ihe stuc^ was concerned with the class size issue. However, it^has been 
observed (Burstein. 1980) that by aggregating studet^ test results to th6 classroom l^el, 
the relationships between these test results and other variables are strengthened by a 
compounding of prior achievement and other, often unmeasured, background 
characteristics. M<y*eover, the increased correlations that generally result in 
educational studies from the aggregation of data reduce the capacity to identify the 
§ffe^ts of teacher-student interactions. Some evidence of the way that aggregation 
magnifies an effect can be seen in the very strong relationship between prior 
achievemerrt and final achievement which was displayed it, the set of analyses presented 
In Chapter 5. Furthermore, the aggregated measure may not represent the original 
meanir^ of the variable when It was recorded at the Individual level. AUernatively, 
Blalock (1964) has suggested that by aggregating data, a more pure measure of the 
variable was t'ossible since .the ^nuisance' effect of Individual dlffereno<»s would be 
lessened in the formation of 'dlasses. ^ 

Brophy and Good (1974) have argued ^that the nature of the relationship between 
the teacher and the student demanded the use of the student as the unit of analysis. 
Teacher behaviour is often directed towards Individual students and not the entire class, 
and In return, l|KJlvidual differences between students Influence teacher behaviour. 
Furthermore, even teacher behaviours directed to an entire class are received and 
responded to In different ways by individual students. These arguments would sugest 
that the student would be a more appropriate unit of analySs In the examination of the 
effects of teacher bichaviours and classroom practices upon the achievement outcomes of 
students. 

ErJc . , 46 56 

X 



However, the nature of the data in the original study does not enable us to 
reproduce readily the findings of Chapter 5 at the between students level of analysis, for 
ilthough individual measures from tests, questionnaires and attitude scales are available, 
the same is not true for the classroom measures. Measures of teacher behaviour and 
c:.i:;sroom practices were obtained at the class level. Individual students may experience 
the behaviours and practices to varying degrees, according to ability, concentration or 
otherwise, but assessment was not made of the impact of behaviours and practices upon 
the individual students being considered in this study. Therefore, it was not possible to 
duplicate the previous chapter's analyses without disaggregating the data collected at 
the classroom level. The complication with using disaggregated data arises because, in 
general, teacher behaviours can not be attributed equally to all the students in the class, 

in addition to the restrictions necessary because of level of analysis considerations, 
the model was limited to science classes. The poor predictive power of the father's 
occupational status as a sole prior effects measure suggested that it did not act as an 
adequate control in the analyses of the mathematics data. Hence, any results for 
mathematics classes would remain inconclusive. However, incorporating both prior 
achievement and occupational status into one model was seen as improving the model's 
level of specification. Teacher behaviour and process variables were removed from the 
model for two reasons. One difficulty was the conceptual problem of using 
disaggregated data, while the other was the general failure of these variables, 
particularly in science classes, to influence the relationship between class size and 
achievement outcomes. However, an apparent contradiction was the use of class size, 
obviously a class measure, in an individual level modeU This discrepancy was justified by 
noting that each student experienced the same class size, while the other classroom 
measures which were shown to be substantial in science classrooms were not so evenly 
distributed to all students in a class group. 

The purpose in developing a new model was to identify further the effect of class 
size upon science achievement by considering its Influence in a different context. By 
examining the influence of class size upon the individuaFs performance as distinct from 
the performance of the entire class, the intention was to further isolate the way in which 
class size regulated science achievement. The resultant causal model \i> presented in 
Figure 6,1, 

The model was examined with the same five attitude measures that were employed 
in the previous chapter. They were the student's occupational and educational 
aspirations, liking for school, academic motivation and participation In mathematics and 
science activities. These five measures were selected because of their repeated 
interaction with class sjze and academic achievement, 

All path coefficients were obtained using the SPSS Regression program (Nie et al, 
1970), The same criterion and nomenclature as used previously were again used to 
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Science Achievement 



Figure 6.1 Causal Model at the between Students Level of Analysis IncludinR 
Clasa Size and Attitudes 

\<. 

indicate when a path coefficient represented a substantial relationship between two 
measures. In Table 6.1, the results from the causal model for each attitude arc 
presented. ^ 

The most interesting results in Table 6.1 were the positive influences of class size 
i^on aspirational measures, while class size did not appear to affect greatly the other 
attitude measures. Neither of the' prior effects measures (prior achievement or 
occupational status) influenced consistently attitudes in all areas. Furthermore, both 
prior achievement (approximately 0.65) and class size (approximately 0.13) were 
substantial predictors of science achievement regardless of the attitude measure being 
considered. Althougji prior achievement was the strongest predictor, class size was a 
better predictor than all other measures except for educational aspirations (0.17). In 
addition, class size had a smalljndlrect effect upon achievement through the aspirational 
measures. The path coefficient between class size and science achievement was larger 
when the student, not the class, was used as the unit of analysis. 
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<* 6.1 t^ath Coefficients for the Analysis of the Causal Model at the 
between Students Level of Analysis 



N » 1986 

Class size regressed on 


Prior 
achievement 


Occupatipnal 
status 

P32 






Class size 


^20 


0.04 






Attitude measures regressed on 


Prior 
achievement 
P41 


Occupational 
status 
P42 


Class 
s ize 
P43 




Occupational aspirations ^ 
Educational aspirations 
Like school 
Academic motivation 
Maths/science activities 


0.17 
0.33 
0.11 
O.03 
0.09 


0.22 
0.27 
0.09 
0.10 
0.05 


O.Il 
0.14 
0.04 
0.04 
-0.02 




Science /achievement regressed on 


Prior 
achievement 

P51 


Occupational 
status 
P52 


Class 
size 

P53 


Attitude 
P54 



Occupatiional/ aspirations 0.65 0.10 0.13 0.09 

Educatiboa/ aspirations 0.61 0.08 o.ll o!l7 

Like^^CR^l 0.66 0.11 oTT? oTlO 

Academic flaotivation 0.67 0.11 0.13 0.09 

Math^/sciyice activities 0.66 0712 o7l4 o!o8 



Path coefficients greater than 0.10 are underlined. 



Effect upon Attitudes and Practices 

Superior prior achievement levels led to an improvement in aspirations and liking for 
schooL Not surprising, the strongest relationship was with the student's educational 
aspirations. Clearly, students who had, done well at school expected to continue with 
their studies. Occupational status related positively with aspirations and academic 
motivation. Interestingly, occupational status was a stronger predictor of academic 
motivation than prior achievement, suggesting that home background father than 
academic success at school was more important In proviiding general motivation for 
- students towards their studies. 

The elfect of class size upon attitudes is more Interesting. While larger classes 

appeared to enhance a student's occupational and educational aspirations, they appeared 

to have little effect 'upon the other three measures. This distinction between the 

findings for tlie two asplrational measures and the other three measures has already been 

noted in Chapter 5* 

■I » 

. < Effect upon Science Achievem ent 

AH four antecedents had substantial path coefficients wUh science achievement. Prior 
achievement always had the greatest effect on science ochlevemcnt. In four of the five 
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cases, class size had the second largest path coefficient to science achievement, 



educational aspirations, it had a stronger effect on achievement than did class size, with 
a path coefficient approximately double that of the other attitude measures. 

The importance of these results when compared to the equivalent results obtained 
when class was the unit of analysis is difficult to assess. Differences in the models do 
not enable direct comparisons. Prior effects were stronger when the class was the unit 
of analysis, but there were two prior effect measures present in the latter analyses so 
that the extent of the difference could not be directly determined. Furthermore, the 
effect of aggregation in strengthenir^ relationships has already been noted. The path 
coefficients between the attitudes and science achievement were similar at both levels 
of analysis although lll<ing for school had a stronger effect when the individual level was 
examined. 

Occupational status had a weaker effect in the presence of the prior achievement 
measure, but more important in terms of the issues for this study, were the changes in 
the effect^ of class size. At the class level, class size had a barely substantial effect on 
science achievement with the magnitude of the path coefficient depending upon the 
combination of attitude and classroom characteristic being considered. However, at the 
individual level, class size had a consistently substantial effect on science achievement, 
and as has already been noted, often had a stronger effect than attitudes or occupational 
status. It is possible that the class size effect was mediated througli teaching practice, 
but since teaching behaviours had such weak relationships with science achievement, this 
appeared unlikely. 

The reasons as to why class size shoulJ appear to be more effective in Increasing 
science achievement at the individual ievel as distinct from the class level are difficult 
to provide. In the previous chapter we discussed the possibility of larger classes havl\ig a 
certain climate due to the assemblage of more able students. If this were so, It would be 
envisaged that analyses conducted at the class level could be more successful at 
detecting this effect. The results contradict this suggestion. The explanation Is more 
likely to He with a consideration of the effects of aggregating the data to the class 
level. The strong path coefficient between prior achievement and achievement would 
appear to be accounting for so much of the variance In science achievement that the 
path coefficients for the other measures were t>eing reduced. Although It is difficult to 
quantify the relative influence of class size upon achievement at the two levels of 
analysis, a positive relationship between class size and achievement has been confirmed. 
Even if the results obtained in this study continue to disagree with the Glass and Smith 
findings from a review of experimental studies, a certain confidence in the results is 
possible due to their consistency at the two levels of analysis. 



\ 



followed by occupational status and attitudes. When the attitude measure was 
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CHAPTER 7 

COMPARISONS BETWEEN DIFFERENT LEVELS OF ANALYSIS 



The importance and implications ot choosing a suitable level of analysis for an 
investigation has alre^cfy been discussed brieny in previous chapters. However, the 
issues and their consequences are more complex. The increased importance of the 
choice of an appropriate level of analysis is indicated by the number of research workers 
who have considered it m -ssary to address themselves to this issue during the past 
decade. They include Cronbach and Webb (1975) and Barr and Dreeben (1977), although a 
more extensive summary of the work related to the level of analysis issue has been given 
byBurstein (1980). 

Among the points emphasized by Burstein was the possibility of a variable having 
different meanings depending upon the unit of analysis under consideration and the 
difficulties associated v/ith drawing meaningful conclusions when an examination of the 
data was conducted at more than one level of analysis, A simple Illustration of his first 
point can be made with the occupational status variable that has been used in the causal 
models that have been examined in this study. At the individual level, this variable Is an 
indicator of home background, while if the variable is a^regated to the classroom level, 
the same variable may become a measure of the type of community that the classroom 
services. The second point refers to the appropriateness of extrapolating a result 
obtained from a classroom study to the irK3ividual students in those classes. 

The causal model developed in Chapter 6 was^a-pesponse to theproblems associated 
with the construction of appropriate models. Its aim was to assess the effect of class 
size upon science achievement at the individual, as distinct from the classroom, leveL 
The use of a class size measure In an individually based model was Justified In the sense 
that all students experienced the effects of the class size, and that this effect was equal 
for all students in a class. As such, the purpose of the model was to be relevant to the 
current Issues as well as contain measures suitable at the individual level of analysis. 

Reporting of analyses conducted at both the individual and school level has been 
undertaken by. Comber and Keeves (1973) and' Peaker (1975). Both reports were 
associated with the cross-national Six Subject Study undertaken ^y the International 
Association for the Evaluation of Educational Achievement. Just as for the different 
levels of analysis reported in Chapters 4, 5 and 6, these studies obtained results which 
differed sUglitly between levels of analysis. However, no regular pattern was discernible 
and therefore it was not possible to draw conclusions for one level of analysis In terms of 
the results obtained at the other level of analysis. The difficulties associated with 
cross-level Inference were again illustrated. The possibility of drawing conclusions was 
^further complicated by the use of dissimilar models. 
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student within class is another level of analysis that has also been employed and 
reported (Peaker, 1967j Burstein, 1980; Keeves and Lewis, 1983). This type of analysis 
IS often described as the 'frog pond effect* and it is used to examine the relative standing 
of <x student within a class. The importance of a student's relative standing can be 
Qlustrated in several ways. For example, a student's performance may improve in a 
weaker class because the student s self-image is enhanced by being a 'big frog in a little 
pond'. Furthermore, the attention that stadents receive from their teachers and peers is 
a function of their relative position in the class. Other illustrations of the importance of 
the within-class effect involve the nature of instruction received by students. For 
example, if the knowledge required to answer a question on an achievement test has been 
presented to the students, then all students should be able to answer the item correctly. 
Obviously, this does not happen. Some students respond to being taught while others do 
not, either due to inattention, lack of ability to comprehend the instruction or for other 
reasons. It is clear that while all students in the class receive the same instruction, 
students within the class might benefit in unequal amounts. As such, classroom 
characteristics would not be evenly shared throughout the class although each student 
might have Jfcfj^e same opportunity to receive them. 

The nauire of the student within class level of analysis can be .further elaborated 
since the^tudent*s relative standing within a class is an integral part of the performance 
of the individual student. If the variable X.j denotes the performance of student j in 
class i, and X. denotes the mean performance of class i, then these measures can be 
related by the expression: 

X..= XjMXj.-X.) 

such that the performance of t)ie student may be broken down into a class component 
and a within class component. Thus, the relative performance of a student within a class 
is an integral part of the student's performance although it is interrelated to the class to 
which the student belongs. 

Comparisons at all three levels of analyds (i.e. student, class and student within 
class) have been carried out on Ccnber and Keeves' (1973) American data using 
regi^ession technlqvt^s and were discussed by Burstein (1980). The study sought to assess 
the effects of abill^, sex, father's occupation, number of books in the home, years of 
science instruction, amount of science instruction per week and the use of discovery 
science teaching methods upon science achievement. The path coefficients obtained 
from the three levels of analysis were equivalent in both pattern and relative 
magnitude. The similarity of the results at different levels of analysis made more 
detailed interpretations of the effects of unit of analysis upon the causal model very 
difficult since differences between the levels of analysis were needed to Isolate 
particular effects. 
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Another study where results were obtained using different levels of analysis but 
where the results were not internally consistent was also discussed by Burstein (1980). In 
that study, correlation coefficients were obtained between the rate of student success, 
as a measure of the degree of difficulty of the work presented to them, and reading and 
mathematics achievement, which were adjusted for prior achievement. At the student 
within class level, high success rates were positively correlated with achievement. At 
the between classes level, many of the correlation coefficients were negative. This 
result was interpreted to mean that teachers who assigned easier material to their 
students and hence provided their students with a greater proportion of successful 
learning experiences tended to have lower class achievement. At the student level, the 
results were similar to those obtained at the student within class leveL This example 
indicates how different levels of analysis may be used to increase the understanding of 
an educational situation by providing additional tnsight into the reasons for changes in 
student adiievement. 

To extend the idea of comparing the three separate units of analysis mentioned 
above to the present situation, several modifications were needed before a suitable 
causal model could be developed. The most obvious difficulty was associated with class 
size because there was no variability in this measure at the student within class level 
since its value would always be zero. This was regrettable since the investigation was 
primarily concerned with class size. Consequently tov^provide a direct comparison 
between the three levels of analysis, class size had to be omitted from the model and 
hence the discussion must concentrate solely upon comparing the effects of the other 
antecedent measures at the various levels of analysis. 

Furthermore, the between classes model used in Chapter 5 and the between 
students model used in Chapter 6 are also not directly applicable since they Included 
class size. The between classes model also used classroom characteristics while the 
between students model incorporated both prior achievement and occupational statuses 
prior effects. To produce a causal model which could be applied In the same form to all 
three levels of analysis, the models used previously had to undergo further modification. 

The improved predictive power of the model with two prior effect measures 
together with the unsuitability of any model without a prior achievement measure 
suggested that it was worthwhile restricting the comparisons to science classes only. 
The strength of the attitude measures as predictors wf science achievement Indicated 
that they were worthy of continued inclusion in the model. However, since the five 
attitude measures used in the two previous models were chosen for *heir importance in 
conjunction with class size, it seemed appropriate to extend the u.odel to include the 
complete list of attitude and practice measures available at the student level since class 
size was no longer under consideration. The attitude and practice measMres included 
occupational and educational aspirations, amount of homework per week, level of 
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Figure 7.1 Causal Model Appropriate to the between ClasQcs, between 

Students and between Students within Classes Levels of Anal ysis 

participation in both pop culture or mathematics and science activities, academic 
motivation, liking of school and self regard. In addition, since attitudes were an integral 
part of the model, it was decided that the outcomes measures should include both 
science achievement and attitudes to science, 

"f 

A causal model which incorporates prior achievement, occupational status, 
attitudes and cither science achievement or attitudes to science is presented in Figure 
7.1. Data were available for all variables at each of the three levels of analysis. Just as 
before, class meosures were obtained from 72 classes, individual measures from 1986 
students. and students within classes measures by constructing the difference between 
the student measures and the appropriate class measure for the 1^6 students. The 
results of the regression analyses conducted at each of the three levels of analysis are 
presented in Table 7.1. 

it should be noted that the data were not weighted to correct for unequal size of 
class groups as is sometimes considered desirable if classes have been sampled. In this 
study, an almost complete population was under survey and naturally occurring class 
groups were used in the analyses that are reported. All path coefficients were obtained 
using the SPSS Regression program (Nie et al., 1970). The same notation as used in 
previous chapters is again used to indicate if a path coefficient represented a substantial 
relationship. 

Level of Analysis; Between Classes 

1 Outcome - Science Achievement . The antecedent measures of occupational states 
and prior achievement both enhanced the student's occupational aspirations (0.34 and 




0,52) and educational aspirations (0.33 and 0.64), the amount of homework done each 
week (0.36 and 0,33) as well as the level of participation in mathematics and science 
ac^vities (0.11 and 0.28). In addition, occupational status had a positive effect upon 
academic motivation (0.25) and self regard (^.38) while prior achievement positively 
influenced liking for school (0.43), Classes with high prior achievement levels contanted 
students who participated less in pop culture activities (-0.58). In the presence of prior 
achievement, occupational status was not a good predictor of science achievement. 
Similarly, occupational aspirations (0.15) and educational asp;rations (0.26) were the only 
attitude measures with substantial path coefficients to science achievement. The 
absence of other substantial resuUs was partly due to the strong relationship between 
prior achievement and science achievement at the class level. This relationship was 
characterized by path coefficients generally in excess of 0.8. 

2 Outcome - Science Attitudes . As for achievement outcomes, occupational status 
was not a substantial predictor of attitudes to science except in one case. Prior 
achievement and all the attitude and practice measures had a substantial effect upon 
attitudes to science. The behaviour of the model when occupational and educational 
aspirations were considerecTwas unusual. The normally v;eak but positive relationship 
between occupational status and attitudes to science changed to a weak negative 
relationship and the path coefficients between prior achievement and attitudes to 
science decreased markedly, suggesting that thc«e two measures might be causing 
suppressor effects. 

Level of Analysis; Between Students 

1 Outcome - Science Achievement . At this level of analysis, both occupational 
status and prior achievement influenced occupational (0.22 and 0.19) and educational 
aspirations (0.28 and 0.36). In addition, occupational status positively influenced 
academic motivation (O.IO) and the amount of homework done per week (0*12). Prior 
achievement influenced liking for school (0.12) and self rsgard (0.13), Also, the more 
able students spent less time on pop culture activities (-0.16). At thl5 level of analysis 
there wene fewer substantial path coefficients tha.. at the betv?een classes level, but 
otherwise the findings were similar tu those at that level except for the very weak 
influence of prior achievement upon mathematics and science activities at the between 
students level (0.09) and the contrasting effects of ov.cupational status and prior 
achievement upon self regard. At the class level, s«lf regard appeared to result from the 
overall home background status of the class (0.3B), whBe at the individual level, the 
student's own academic performance (0,13) appeared to be the most influential factor. 
The importance of these two effects will be considered In coniparlson with the findings 
from the between students w'ithin classes analysis. 



fith ^otfficicntt for the Analy^U of the C«u>al Model at the between Ciattet, between Stude ntt and between Student • within Cltttes - t.eveit of 
A nal y ail " •* — — — — — — 



Attitudes and practices 
retrtiied on 

student 

attitudes/practice* 

Occupational aspirati<y)« 
vEducttional aspirations 
Ho. of hours ho«<vH>rk/we«k 
fop culture activities 
Hiitht/ science activitits 
Acadevic motivation 
S«lf ve^iird 
Lik^ school 



Science achievement 
rvSTtssed on 

•Cud«Rr 

attitudes/practices 



Science attitudes 



DcCQpaCloQal aspiratloos 
Cducatloful esplretioas 
Ko. of hours ho«fvork/t7eek 
Yop Culture ectlvitlee 
Meths/icience activities 
Acadctilc aotivetlon 
S«lf regard 
like achool 



Betveen classes level 
(N • 72) 



Becwoen students level 
(M - 1986) 



Between students virhin c^daiie^ 



level 



Orcupat ional 


Prior 


Occupational 


Prior 


OccupAtional 


Prior 


statiit 


achle venent 


status 


achleveaent 


aCitut 


AChiC'V<tM«?nt 


P31 


P32 


* P3l 


r32 


P3l 






0.52 


0.22 


0.19 


0.16 


o.:o 


0.33 


0.64 


^2T 


0.36 


0.21 




0.36 


0.33 


0.12 


0.09 


0.04 


0.00 


0.0^ 


-0.5B 


-O.03 


-0.16 


-0.02 


-0.10 


O.U 


072l 


0.04 


09 


0.03 


oTo? 


0.25 


0.09 


0.10 


0.04 


0.07 


0.02 


5753 


-0.03 




0.13 


0.02 


0.09 


0.03 


0.43 


0.09 


0.12 


0.07 


0.07 



Between clesaes level 
(M • 72) 



Occupadooal eapirations 
Educational aspirations 
Kot of hours ho««work/w«ek 
fof* cuUurt activities 
Maths/fcleQce activities 
Acadtaic notivation 
S«l£ regard 
tike ichool 



Occupational 
status 
P41 



Prior 
achievcueot 
P42 



0.02 
-0.02 
0.08 
0.07 
0.06 
0.05 
O.OS 
0.07 

P41 



0.83 
075 
0.91 
0.89 
Of 

0.88 



P42 



-0.01 
-0.04 
0.02 
O.IO 
0.03 
0.00 
0.01 
0.08 



Between students l^vel 
(H • 1986) 



Between students within claasea lcv«t 

(N ■ 1986) 



Attitude 
P43 



0.15 

«0.03 
0.C6 
0.07 
0.06 
0.06 



P43 



0.30 

oT?o 
o7Y9 

-O.l? 

oTSS 

0.45 



Occupational 
status 

P41 



0.10 

o757 

0.12 
0.12 

OI 

0.12 

OA! 



P41 



0.04 
0.00 
0.05 
0.06 
0.05 
0.02 
0.06 
0.03 



Prior 
achievevent 
P42 



At c iCude 
P43 



p. 11 

0.05 
-0.07 
0.07 
OJO 
0.07 
O.ll 



P42 



P42 



0.13 

oTH 
04 
-KM 
0.35 

0.42 

O2 

oTXo 



Occupational 
status 

P4I 



0.06 
O.04 
0.07 
0.07 
0.07 
O.07 
0.07 
0.07 



P41 



0.04 
0.02 
0.05 
0.05^ 
0.04 
0.03 
0.04 
0.03 



Prior 
achtevenent 

P42 



0.58 

575? 

0.58 

575i 

0.58 

57^ 

0.58 



P42 



0.22 

?ni5 

572I 

5-.*2l 

0^22 
0.2J 

oTFT 



Attitude 
P43 



0,08 
0.14 
03 
-O.06 
0.08 
0.11 

5755 
o.ll 



P43 



Nth coefficient greater then 0.10 are underlined. 
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Occupational aspirations (O.ll), cducatiomil aspirations (0.19), academic motivation 
(O.IO) and liking for zch^\ {OAi) all sutstantially influenceO science achievement at this 
level of analysis. The effect of prior achievement was weaker at the individual level 
with most path coefficitnts be\r^ jast brlow 0.7, while most of the path coefficients 
between occupational status and achievement were around the threshold value of 0.1. 
\] though occipational and educational aspirations were among the strongest attitudmal 
predictors of science achieve.nent, the*r reLUive strength was not as pronounced as at 
the class? level. 

In general terms, the [jath coefficients between occupational status or prior 
acl levement and the attitude and practice measures were generally larger at the class 
level owing to the clustering of students within classes. Similarly, prior achievement 
was a stronger predictor of achievement at the class level. On t^e other hand, 
occupational status and some of the attitude measures were stronger predictors at the 
'ndividual level although occupational and educational aspirations were an exception to 
tnis statement. The strong influence of these t^o measures, particularly at the class 
level, has already been noted at other stages of the study. 

2 Outcome - Science Attitudes . Prior achievement was a consistent predictor of 
good attitudes to science and all the other attitude and practice measures substantially 
influenced the student's liking for science except for participation m pop culture 
activities. Occupational status was not a substantial predictor of attitudes to science. 
The suppressor effects observed with occupational and educational aspirations at the 
between classes level were not evident at this level although the path coefficients 
between prior achievement and occupational status and attitudes to science had the^r 
lowest value (0.20 and 0.00 respectively) when educational aspirations were incorporated 
into the model. 



1 Outcome - Science Achievement . The purpose of conducting the analysis at the 
student within class level was to detect if the relative level of occupational status, prior 
achievement or any of the other measures were important in determining achievement 
and affective outcomes- The relative level refers to the student's status or performance 
compared to the class to which the student belonged. At this level of analysis, both 
occupational status and prior achievement substantially enhanced occupational (0.16 and 
0,10) and educational aspirations (0.21 and 0.22). In addition, prior achievement 
differences reduced the level of participation in pop culture activities (-0.10). Although 
these results were also obtained at the other two levels of analysis, there were less 
substantial results at the student within class leveL Major differences are discussed 
after all the results arc presented. 



Level of Analysis; Dr tween Stude n ts within Classes 
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At the student within class level, prior achievement (approximately 0,58), 
educational aspirations (0.14), academic motivation (0,11) and liking for school (O.ll) had 
a substantial influence upon science achievement. Prior achievement hed a weaker 
effect on science achievement at this level of analysis with all path coefficients being 
below 0,6. Occupational status was not substantially related to science achievement, 

2 Outcome - Science Attitudes . Prior achievement had a consistently strong effect 
on liking for science (approximately 0.22) while rwcupational status drd not. Although 
self regard (0.53) had the greatest effect from among the attitude and practice 
measures, all but one of these measures had a substantial effect on attitudes towards 
science. 

Summary and Discussio n 

As discussed in the introduction to this <*hapter, the differences between the findings at 
the three levels of analysis were considered to indicate the manner in which certain 
variables acted i^on other measures. A|fe, it was necessary to determine if different 
findings were possible using different levels of analysis. This was in response to the 
warning given in relation to drawing inferences across different levels of analysis. To 
facilitate a more orderly summary and discussion of these issues, the findings have been 
dfvided into three categories. 

1 Effect of occupational status and prior achievement upon attitude and practice 
measures . Several discrepancies were noted during the initial presentation of the 
. findings. The most notable was the relative influence of the two antecedent measures 
i^on self regard at different levels of analysis. At the class level, occupational status 
enhanced self regard, while at the stydent level, prior achievement enhanced self 
' regard. However, at the student within class level, neither prior effect had a substantial 

influence on self regard. It appears that students raise their self regard in tv/o ways; by 
belonging to a high status class or by performing well academically as an individual. As 
such, self regard is a function of the status of the class but also of the individual 
performance of the student. Hence, being from a high status home but belonging to a 
low status class would not significantly enhance self regard unless supported by superior 
achievement levels. 

The measure of the amount of homework done each week also depends upon the 
level of analysis. More able classes and higli status classes do substantially more 
homewprk, high status students do more homework, but more able students in a 
particular class appeared to do no more homework than less able students in the same 
class. This results suggests that teachers set homework according to the ability and 
status of the class such that within a given class all students do much the same amount 
Q of homework. ' 
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Another inconsistency concerned the influence of the antecedent variables upon 
the attitude to school and academic motivation measures. At the student within class 
level, no substantial relationships were found, yet prior achievement enhanced hking for 
school, and occupational status improved aoademi*. motivation at the other two levels of 
analysis. It would appear that these two results represent absolute effects, not relative 
effects, in relation to the respective prior effect. The other results obtained were 
similar regardless of the level of analysis although minor differences were present. 
These included both prior effects substantially influencing participation in science and 
mathematics activities at only the class level. 

2 Effect of occupational status, prior achievement and attitude and praotioe 
measures upon science ^achievement s Regardless of the unit of analysis, prior 
achievement was a consistent predictor of science achievement. Occupational status 
was only a substantial predictor at the individual level which suggested that relative 
occupational status was unimportant for science achievement while the effect at the 
class level was probably reduced by the strong prior achievement effect. Among the 
attitude and practice measures, occupational and educational aspirations were stronger 
predictors of science achievement at the class level, although educational aspirations 
possessed substantial path coefficients at all three levels of analysis and occupational 
aspirations had a substantial effect at both the class and student level. These results 
were consistent with the effect of compounding of aspirations that has already been 
noted in high ability classes and the detection of effects between prior achievement and 
aspirations arKJ between aspirations and achievement at all levels of analysis thus 
supporting the proposition that the grouping of more ab^ students enhanced aspirations 
beyond those levels predicted by achievement men..ures only. 

Liking for school and academic m^iivation were the only other substantial 
predictors of science achievement at specific levels of analysis but the results were 
generally borderline. Overall, very few differences were detectable since many of tne 
predictors failed to influence science achievement at any level of analysis. 

^ Effect of occupational status, prior achievement and attitude and practice 
measures upon attitudes to science . It was with this set of path coefficients that the 
least variation in results occurred between the levels of analysis Prior achievement had 
a consistently strong path coefficient to attitudes to science. Occupational status was 
not a substantial predictor of liking for science except for one borderline case. Most of 
the attitude and practice measures appeared to influence attitudes to science in a 
similar manner except for participation in pop culture activities which only damaged 
attitudes to science substantially at the class level. 
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Conclusion 



The results and comparisons discussed on the previous pages mean that tt is very difncult 
to comment on the relative merits and appropriateness of different levels of analysis. 
This is, in part, due to the similarity in ths findings at all three levels of analysis. As 
such, the suitability of a particular level of analysis to the causal model cannot be 
determined from the analyses carried out, Ev» .ncc of some of the problems associated 
with different levels of analysis were observed. The strong relationship between prior 
achievement and science achievement at the between clasjes level could be construed to 
be a result of aggregation effects described by Burstein (1980), Alternatively, f\is 
strong effect could be interpreted as a purer measure of the relationship between prior 
achievement and science achievement without the *auisance' effects caused by individual 
differences that Blalock (1964) noted at the student level. 

Although the comparison of different levels of analysis did not incorporate the 
primary issue of class size, it did provide assurance that the setk of analyses considered 
in the two previous chapters were suitable for an investigation of the class size question 
since the results obtained at different levels of analysis generally supported each other. 
More importantly, trie similarity between the results at the different levels of analysis 
was tentative support that the measures used in the model were appropriate to all levels 
of analysis. Although startling differences between levels of analysis mlgnt have been 
more interesting, a consistency of results is nevertheless reassuring. Furthermore, some 
of the small differences that did occur between different levels of analysis have provided 
some insight into the more subtle niechanisms acting between measures and, even If only 
in a small way, has increased the understanding of the educatiotial letting. 
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CHAPTER 8 

RECIPROCAL CAUSAL MODEL WITH ATTITUDES AND CLASS SIZE 

One of the major results presented in Chapters 5 and 6 was the consistent positive 
relationship between class size and achievement. This finding contradicted the work of 
Glass and Smith (1978). Although larger classes contained more able students, this result 
was obtained a ft^ controlling for prior achievement and father^s occupational status and 
after adjustment^ for attitudes and, at the class level of analysis, the processes occurring 
within the cla^room. It appeared that class size, other things being equal, was able to 
produce further achievement gains. Moreover, these gains were distinct from any 
influence of teaching practices and the effect of superior attitudes because these factors 
had been incorporated into the causal modeL 

It appeared that the gains in achievement possible In larger classes were more than 
just a direct consequence of larger classes containing more able or better motivated 
students, and therefore would sy^ to be dependent upon certain other characteristics of 
the students that formed the ciasses. It was suggested that the students in larger classes 
interacted with each other in some way to amplify achievement beyond the levels 
expected from either prior achievement or home background. The implication was that 
these interactions were a product of the way certain students were allocated to larger 
classes, and the manner in which these .classes generated superior aspirational levels was 
leading to the reinforcement of achievement. 

The criterion for allocating students to larger classes, apart Trom prior 
achievement levels, was uncertain. Clearly, the attitudes of students in larger classes 
was sufficiently good for them to maintain a positive approach tj their work* Although 
no attitude measures were available at the commencement of the school year, 
favourable attitudes appeared to be necessary for a student to function well tn a larger 
class| In Addition, favourable attitudes seemed to be important for a student to be 
allocated to a larger class. The effect of class size upon attitudes has already been 
noted. In the presence of prior achievement controls, class size damaged attitudes to 
science, although class size had a significant positive effect upon both a student's 
occupational and educational aspirations. There would appear to be a two-way 
interactive relationship between class size and attitudes. The effect of class size upon 
attitudes Is weU documented, but simultaneously, the attitudes of students seems to be 
important in the formation of classes. 

The absence of any prior attit^ide measures made assessment of the effects of 
attitudes upon the size of the class to which a.st^ident was allocated difficult. The use 
of the attitude mea<"«re3 obtained during Year 7 was not theoretically justittable since 
the temporal order of measurement was nht fully consistent with the causal sequence of 
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the model. The suitability of an attitude measure obtained during the year for use as an 
antecedent measure of attitude would depend upon the stability of attitudes over the 
time period of the investigai on* Since this time interval covered the importont 
transitional period from primary to secondary school, the use of the same attitude 
measure appears to be even less defensible. For these reasons, it was not possible to 
construct a causal model to assess the effects of attitudes upon class size directly. 
Instead, the use of a reciprocal causal model was considered to be an appropriate way to 
approach the problem of interaction between attitudes and class size. 

The distinction between a reciprocal or non-recursive model and a recursive causal 
model is that the former allows for a two-way interaction between two specified 
variables. The reciprocal model in this stud^ recognizes that attitudes influence .class 
size and, in turn, class size influences attitudes. The use of an interactive model does 
not dispel the difficulties associated with using attitude measures obtained during Year 
7. However, instead of strongly asserting that attitudes measured after the classes have 
been formed had influenced class size, the inferences are slightly weaker in the sense 
that the reciprocal model simultaneously considers effects operating in both directions. 
Furthermore, the model would contain the indirect effects of prior achievement and 
occupational status upon class size through the attitude measures. 

A non-reci^rsive causal model incorporating the interaction between class size and 
attitudes as well as prior achievement and occupational status is presented in Figure 
8.1. The model Was developed from an example given by Hauser (1973) of an interactive 
model in a sociological setiing. The model only wositlers science classes since no prior 
achievement measures were available for mathematics. In addition, five attitude 
measures were Identified In Chapter 5 as influencing achievement after allowance had 
been made for differences in class size. The Ave attitudes were occupational and 
educational aspirations, academic motivation, participation in mathematics and science 
activities and liking for school. These five attitude measures were considered in the 
non-recursive causal model. Achievement outcomes were not included sin^e this 
non-Vecursive model could be superimposed upon existing achievement models. The path 
coefflcients between the variables in the model and science achieV^em^nt would not 
change as a consequence of the introduction of a reciprocal link between attitudes and 
class size. 

The crucial feature of the reciprocal model which permits tlie estimation of the 
effects of attitudes upon class size and vice versa Is the assumption that father's 
occupational status only affects class size indirectly. That is, father's occupational 
status influences class size through its relationship with prior achievement which 
directly affects class size and also by an indirect influence through attitudes. The 
number of path coefficients to be found and the number of ^correlation coefficients 
avattable for substitution into the regression equations required the deletion of one 
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Figure 8.1 Reciprocal Causal Model Relating Attitudes and Class Size 

causal path and the use of an instrumental variable formW as a consequence of the 
proposed deletion. The direct influence of occupational status upon class size appeared a 
highly plausible one to cpmove. Thus, father's occupational status acted in the revised 
model as an instrumental variable. The validity of omitting this path depends clearly 
upon the strength of the observed relationship between occupational stdtus and class 
size. The model would not be valid if this observed relationship were too great. 

Calculation of Path Coefficients in a Reciprocal Mod el 

Because of the reciprocal effect, the path diagram no longer provides accurate guidance 
in writing regression equations and greater reliance must be placed upon the application 
of the basic theory of path analysis. The major equations for the model ares 

It must be assumed that 

'ar'-a2 = ^bl = ^b2=^ab=°- 
By consicJerlng equation (1), express! ns for the correlations of can be written: 

4 

'"41 = P42 ''21 P43 ''31 
%2 = P42 P43 ^Z2 
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These are not the normal symmetric equations of multiple regression analysis, but they 
can be solved for ^^y considering equation (1) again, the following 

expressions can be obtained: 

^43 = P42 ^23^P43^P4b'^b3' 
^b3 P34 ^4b 
whence^ 

''43 = P42''23*P43^P4bP34''4b ' 
Also, we find that 

'^44=^=P42'-24*P43'^34'P4b''b4 
Rearranging equations (3) and (4), p^^ is obtained as 

P3'4 = ^43 ' <P42 ^23 P43> 
^-<P42 ^24^^43 ^34) 

By applying the basic theorem to equation (2) to find the correlations of "^'^ with the 
other variables and by shifting terms Involving p^^ to the left hand side, the following 
equations are obtained: 

'•3l"P34^4l"P3l''P32^21 

'32 "P34 ^42 "P3I ^21^^32 

Since Pgg and all the correlation coefficients are known, equations (5) and (6) may be 
solved for Pg^ and p^g* Hence, all path coefficients in the model can be calculated. 

The path coefficients of the non-recursive causal model for each of the five 
attitude measures at both the class and individual student level were estin* d using the 
equations summarized above. 

Level of Analysis; Between Classes 

The correlation matrix between all the measures at the class level is presented in Table 
84. The coefficients were obtained using: the average ^of each variable for the 72 
classes. The most notable feature of the correlaUon table was the large correlation 
between occupjitlonal sta us and class size. The magnitude of the link between these 
two measures (r = 0.36) suggested that the basic assumptions of the reciprocal model 
were violated, at th\5 level of analysis. 
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Table 8,1 Correlation Coefficients 


between Reciprocal 


Model Measures 


at the 


between Classes Level 


N " 72 


Occupational 


Prior 


Class 


status 


achievement 


size 


Prior achievement 


0.79 






Class size 


0.36 


0.56 




Occupational 'aspirations 


0.76 


0.79 


0.57 


Educational aspirations 


0.83 


0.90 


0.59 


Academic motivation 


0.33 


0.29 


0.24 


Maths/science activities 


0.34 


0.37 


0.17 


Like school 


0.38 


0.45 


0.28 



Level of Analysis; Betv/een Students 

, The ccrrelation matrix obtained from the measures at the individual level is presented in 
Table li.2. The table was obtained by considering the measures for all 1986 students used 
in the study. The correlation coefficient between occupational status and clajss size was 
trivial (r - 0.08) and indicated that only a weak link existed l^etween these measures at 
the between student level. Therefore, it was possible to use th*. reciprocal model with 
some confidence since the basic assumptions appeared to be satisfied. 

The path coefficients obtained from the equations developed earlier in this chapter 
are presented in Table 8.3. The path coefficients are very similar to those in the 
ordinary causal model discussed in Chapter 6. Prior achievement influenced class s.ze 
and all attitudes except academic motivation. Occupational status had an effect on all 
attitude measures except for participation in mathematics and science activities. 

For the reciprocal effects, all five attitudes had positive path coefficients towards 
class size, but the effect was weakest for the two aspirational measures. Although this 
statement Is dependent upon the stability of the attitude measures, there was support for 
tiie claim that students with favourable attitudes were placed in larprer classes. This 
effect was distinct from the influence of prior achievement levels. In reverse, class size 



Table 8.2 Correlation Coefficients 


between Reciprocal 


Model Measutes 


at the 


between Students Level 

« 




Occupational 


Prior 


Class 


N « 1986 


status 


achievement 


siz2 


Prior achieveme.-kt 


0.29 






Class size 


0.08 


0.20 




Occupational aspirations 


0.28 


0.25 


0.16 


Educational aspirations 


0.38 


0.44 


0.23 


Academic motivation 


Q.ll 


0.07 


0.05 


Maths/science activities 


0.07 


0.10 


0.00 


Like school 


0.13 


0.15 


0.07 
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Table 8.3 Path Coefficients for the Reciprocal Causal Model Relating 
Attitudes and Class Size at~he between Students Level ^ 





Occupational 


Prior 


Prior 




status 


ach ievement 


achievement 




to attitudes 


to attitudes 


to class size 


N • 1986 




P32 


P42 


Occupational aspirations 


0,22 


0.18 


0.18 


Educational aspirations 


0.27 


0.34 


n 1 7 


Academic motivation 


0.10 


0.07 


0 . 19 


Maths/science activities 


0.05 


0.17 


0 . 16 


Like school 


0.10 


0.15 


0*17 




Attitudes to 


Class size to 




class size 


attitudes 






P43 


P34 


Occupational aspirations 




0.09 


0.03 


Educational aspirations 




0.07 


0.09 


Acadendc motivation 




0.19 


-0.16 


Maths/science activities 




0.42 


-0.45 


Like school 




0.20 


-0.17 



Path coefficients greater than 0.10 are underlined. 



did not have a substantial effect upon educational and occupational aspirations. 
However, students from larger classes had lower levels of academic motivation and 
hking for sdiool and spent less time participating in mathematics and science activities. 
In relative terms, these results were similar to those presented in Chapter 6, but the 
detrimental effect of class size upon certain attitudes was more pronounced in the 
reciprocal model. 

The path coefficients obtained from the causal model presented in Figure 8.1 can 
be combined with the results obtained from the model given in Figure 6.1 to form a 
complete occupational status, prior achievement, attitude, Class size and science 
achievement model included reciprocal paths between attitudes and class size. This 
complete model is presented in Figure 8.2 and gives the most extensive picture of the 
class size issue, at least at the individual lev0l since classroom processes were not 
considered in the model. 

The resuUiii from the non-recursive model emphasise the differences between the 
aspirational mc?asures and the other attitude measures. Larger classes enhanced 
aspirations slightly while they daniaged other attitudes. As such, the student's 
aspirations appeared to profit marginally from the increased diversity and competition 
provided in large classes. There was thus some evidence that well-motivated, as distinct 
from riiore able students, were placov! in larger classes. However, this result should be 
treated with some caution due to the laclc of a clearly defined temporal sequence in the 
measurement of the attitude variables. The manner in which School Principals or Year 
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Occupational 
Status 



Prior Achievement 



P31, 



Attitudes 



P32 



P43 



P34 



P42 



Class Size 



P53 



P51 



P52 



P54 



Science Achievement 

Figure 8»2 Recip rocal Causal Mod el with the Effects of Attitudes &n4 Class 
Size u po n Educat i onal Outcomes 



Co-ordinators perceived these attitudinal differences between students in the absence of 
formal measurements was also uncertain. 



Summary and Conclusion 

The result that remained inconsistent with the expected findings of the study was the 
positive relationship between class size and achievement. Most other flndings have been 
either consistent with previous research or intuitively acceptable. The desire to explain 
th!^ link has led to the inclusion of attitude measures into the model to assist in reflning 
the link betjveen class size and achievement. The attitude measures weakened the link 
but class size remained a significant predictor of achievement. Although additional 
predictors may further reduce the size of the path coefficient, the inclusion of other 
measures is hard to justify in terms of the nature 6f the model. The suggestion that 
larger classes containing more able students led to increased achievement gains has been 
confirmed in two regards by the reciprocal model. As has already been noted several 
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times, larger classes enhance th^ student's aspirational levels and in turn, improved 
aspirations enhance achievement. 

Alternatively, the possibility that students with favourable attitudes were 
allocated to larger classes would seem to suggest that these students were more capable 
of handling the classroom environment that they encountered in larger classes and 
therefore the effects of large classes mi^^ht n'>t detract from their achievement levels to 
the same extent as suggested by Glass and Smith (1978). All these suggestions are 
intended to support the earlier proposition that the assembling of more able students, 
usually into larger classes, had the affect of producing a class atmosphere of 
competition, stimulation and a general desire to learn whicii gave rise to a group effect 
beyond that of the ability of the individual students. 
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CHAPTER 9 



MULTILEVEL ANALYSIS OF CLASS-SIZE DATA 

In the previous chapters the data avaUable from the Australian Capital Territory Year 7 
population of students in the 15 schools in 1969 have been examined at three different 
levels of analysis: between classes, between students, and between students within 
classes. The findings from these analyses have shown that, while there were many 
similarities between the results obtained at the three levels, there were also some 
interesting differences. Thus it would appear that the issue is less one of choosing an 
appropriate unit of analysis for tlie data, but rather of the conceptualization of the 
problem and the identification of research questions that might be answered by using one 
or more levels of analysis. However, it is also possible that alternative approaches to 
the analysis of data might be found which would combine analyses at different levels in 
order to make full use of the different types of information that had been obtained from 
classrooms, students and from the students relative to the classroom group in which they 
were placed. 

In searching for alternative strategies for the examination of data that had been 
collected at different levels, it was important to recognize (see Linn and ^erts, 1969) 
that prior effects. Including both home background characteristics and prior 
achievement, not only influenced very significantly final performtir , but^lso teaching 
behaviours, classroom characteristics and the behaviours of the students both within and 
between classrooms. Unless appropriate allowance were made both for the influence of 
prior effects on Hnal achfevement and for the influence of prior effects on the 
treatment or mediating conditions In the classroom and thus on final performance, the 
analyses carried out would be of questionable value (see Keeves and he^is, 1983), As 
argued in earlier chapters the use of some form of regression analysis, or an Iqulvalent 
type of analysis such a path analysis is desirable, because the date were collected 
without randomly assigning students to classrooms and classrooms to treatments. That 
is, the data were derived from a natural setting and not generated through an 
experimental design. Burstein, Linn and Capell (1978) have suggested that the slopes 
obtained from the series of between students v^'lthin classes regression analyset could be 
considered as outcomes In the multilevel analysis of such data. The origins of this 
approach are uncertain, but the Idea of undertaking regression analyses In which the 
dependent variables fire the regression coefficients that have been obtained from other 
regression analyses conducted at a lower level of analysis has been recognized for many 
years by social science research workers, econometrlclans, and statisticians. However, 
only recently has this strategy of analysis been discussed by research workers In 
education (see Cooley, Bond and Mao, 1981) and It does not appear to have been 
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employed for the analysis of data obtained from scliool and classroom st'jdies. \ possible 
reason why it has no^ been used is the obvious difficulty likt:l> to be encountered in 
interpreting the results obtained from such analyses. Furthermore, the degree of 
sophistication required of users in order to cope with the treatment of multilevel 
analysis has clearly made the use uf such approaches very difficult for non-statlsticians. 
Nevertheless, this commonly encountered problem in educational research wnerc data 
are available at two levels <A observation (for example, students and the classrooms or 
sci.jols to which they belong) suggests that the use of the procedures of nultilevel 
analysis should be investigated within the context of educational research. 



In this treatment of multilevel analysis the fora*ulntion advanced by Mason, Wong and 
Entwisle (1983) has been followed. The data available in this present study were 
collected at two levels of observation; at the student or micro level and at the higher 
classroom or macro level. !t is assumed that student performance at the micro level 
depends o« such factors as the prior effects of home background and prior achievement 
as well as stuuent attitudes, and that the influence of these determinants at the micro 
level will vary systematically with the fixed effects context variable of class size. In 
this way student performance is seen to be influenced indirectly by class size. 
In this statement we assume that there are the following variables: 

one micro level response variable - final achievement (Y) 
three micro level regressors - prior achievement (X.) 



The Framework of M ultilevel A nalysis 



one macro level regressor 



- father*s occupation (X^) 

- student Attitudes (X^), and 

- class size (GJ. 



The micro level equation may be stated: 



^ij = %^^Ij^lij*^2j^2ij^^3j-'^3ij^^ij 



(I) 



where j 



I..., J for classrooms; 

I..., ni for students within classrooms; 




22 nj for the total number of students; and 
j=l 

random error at the micro level. 



6 



At the macro level the equations may be stated 




= c + c G + a 
^00 ^01 Ij Oj 



(2) 
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^lo'^l^lj^^j (3) 

^2j = ^20*^2l^lj*^2j (4) 

where a^^ = random error at the macro level for k = 0,1,2,3, 

These equations are written with the usual assumptions associated with the rank 
condition, and with the error terms at the micro level independent of the errors at the 
macro level. Equations (2) to (5) represent the effects of the contextuxl vanable - ciass 
size (Gj) on the four parameters of the micro level model, and it is assumed that once 
the systematic component associated with class size has been removed from b^, b^, 
b^, and b^ their resulting variability is strictly random. 

\ single equation can be stated for the multaevel model by substitutti^ equ^Uons 
(2) to (5) in equation (1). 

""ir >'%^ij*^io^iij^<^iiXiijGij 

^^20X2ij^<=2lWlj''3O^3ij 

"^31^3ij^lj^^U (6) 

This equation has no unusual estimation or computation problems and analysis can 
proceed using ordinary least squares regression analysis. However, the analysis must be 
carried out with caution because Mason, Wong and Entwisle (1383) have presented a case 
where unsatisfactory results were obtained with such an analysis and where a Bayesian 
perspective yielded results which would otherwise have remained hidden. 



Some Issues o f Analysis 

The analyses can be carried out at the micro level with vne, two or three predictor 
variables included in the regression equations* The number of students in the classrooms 
for which complete data were held, with the exception of one classroom, ranged from 15 
to 45. However, one classroom contained too few students for effective regression 
analysis with three variables and was deleted from the analyses at the micro level. Thus 
instead of the 72 classrooms Included in the analyses in the earlier chapters there were 
only 71 classrooms which provided data for the subsequent analyses at the macro level. 
In the presentation that follows, the analyses at the micro level have been undertanen 
successively with prior achievement in science alone as the predictor variable, with prior 
achievement in science and father's occupation as the two predictor variables, and with 
P'^ior achievement In science, father»s occupation and educational aspirations as the 
three predictor variables In regression analyses with final achievement in science as the 




criterloif^ variable. Educationai ai»pirations was chosen as the most powerful of the 
measui-es of students' attitudes frorr. the analyses presented In earlier chapters of this 
report, and as the variable^ from among the five attitudinal variables, most likely to 
have a stable and substantial effect, 

A question arises as to vvhether to use the standardized or the unstandardized (or 
metric) i'f^resslon coefficients obtained from the analyses at the micro level as the 
friterlon variablei^ for the analyses at the macro level. It must be recognized that the 
stiin<iOrdued regression coefficients have been calculated making allowance for the 
variances and covariances of the variables included in the regression model, as well as 
th<j yai'iance« of the variables not included In the model but included under the error 
iottn. Thus these coefficients ma> be compared across the same sample but not between 
sampiCvS. How-?v«r, the unstandardized regression coefficients remain relatively stable 
across different settings or samples and therefore can be used for the purposes of 
genera Usatio<i across settings and samples (Pedhazur, 1982). In this study, it was 
propose" to compare the regression coefficients across 71 classroom settings and thus 
Uie unstano^srdi^^d regreajion coefficients had to be employed. 

Only liTial achievemem tn science has been used as the criterion variable in the 
analyses which Toilow. While a m;;ltiJevel examination of the factors influencing science 
attilciles would have be^m of some value, it was the strong and persistent effect of class 
Size m acix evf*»ner«t m scieiicc that was seen to be of greatest interest. Not only was 
th*t3 roiotliojiship of mterest as a substantive question, but also the. strength and 
consistcticv of the relationships reported at all three levels of analysis suggested that the 
present stt«rt.o?i^ in which the conteittual variable of class size was found to be related to 
scicftcc aijthievemtjni was an appnjpriate one in which to examine the usefulness of such 
analytical procedures* 



The resi»U3 the macro level regression analyses of the effects of class size on the 
regressioii coefficients obtained at the micro level with three, two and one of the 
predictor variables included in the regression equation are presented in Table 9.1. Levels 
of significance are recorded at the 10 per cent, five per cent and one per cettt levels, and 
both the standardized and unstandardized or metric coefficients are reported for each 
analysis of the set of 71 unstandardized or metric coefficients obtained by analyses at 
the micro level. 

In the analysis of the three predictor model, with prior achievement in science, 
father's occupation and educational aspirations as the predictor variables and with final 
achievement in science as the criterion variable, it is observed that only the regression 
slopes for prior achievement are significantly related to class size. The standardized 
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Table 9.1 Macro Level Regreosion Analyses of Class Size Data 



N » 71 




Significance 


Standardized 


Metric 




F 


regression 


regression 


regression 


Inter 


Regression slope 


value 


coefficient 


coefficient 


coefficient 


cept 


variables 


^(1,69) 


P 


\l 


Ckl 


^kO 


Three predictor model 












Intercepts 


0.08 


>0.1 


0.033 


0.034 


12.64 


Slopes for prior 












achievement 


3.35 


<0.1 


0.215 


0.014 


0.59 


Slopes for father's 












occupation 


0.79 


>0.l 


0.107 


0.019 


-0.89 


Slopes for educational 












CIO p L L a L lUno 






-0.029 


-0 • 004 


0.72 


Two predictor model 












Intercepts 


0.34 


>0.1 


0.070 


0.068 


13.62 


Slopes for prior 












achievement \ 


6.46 


<0.05 


0.293 


0.018 


0.53 


Slopes for father's 












occupation ^ 


0.28 


>0.1 


0.064 


0.011 


-0.76 


One predictor model 












Intercepts 


3.53 


<0.1 


0.220 


0.170 


9.09 


Slopes for prior 












achievement 


8.26 


<0.01 


0.327 


0.021 


0.50 



regression coefficient of 0.215 is both substantial and significant, if significance testing 
is considered appropriate in the analysis of data that comprise almost a total population. 
In addition, it should be noted that while the standardi2ed regression slope of 0.107 for 
father^s occupation is not significant, and the F value is less than one, the slope might be 
considered substantial in terms of the criteria specified in earlier chapters of this report, 
namely, exceeding 0.1, since in excess of one per cent of variance is explained. Under 
these circumstances it would seem appropriate to eliminate the least significant 
variable, namely, educational aspirations, from the regression analyses at the micro level 
of between students within classrooms and repeat the analyses with only two predictor 
variables. 

In the analyses of the two predictor model with educational aspirationj excluded, 
the results obtained are similar to those for the three predictor model, except in so far 
as the relationships associated with father's occupatijiin at tlie macro level are of reduced 
size and are no longer substantial. In addition, the relationships for prior achievement in 
science are significant at the five per cen^ level and the standardized regression 
coefficient has increased to 0,«93, The evidence from these analyses indicatea^hat the 
model would be improved by the deletion of a second variable, father's occupation, from 
the analysis at the micrj level, tlius reducljig the model to a one predictor model in the 
analysis of the achievement in science of students within classrooms. 
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With only prior achievement in science as a predictor in the analyses at the micro 
level, it is found that there is a significant relationship between c^ass size and the 
intercepts at the 10 per cent level with a substantial standardized regression coefficient 
of 0.220. In addition, there is a highly significant relationship between class size and the 
slopes of the regression lines for prior achievement in science at t le one per cent level 
*^and with a standardized regression coefficient of 0.327. Nearly 10 per cent of the 
variance m the slopes of the regression lines is accounted for by differences in class size 
in this analysis at the macro level. 

It is of interest to express thrse significant and substantial relationships in the 
single multilevel equation: 

^ 9.09 + 0.17Gj + O.SGXjj + 0.02GjXjj 

where Yjj = fitted final achievement in science of student i in class j 
Gj = size of class j, and 

X.j = prior achievement in science of student i in class j 

This equation is highly informative since the positive coefficients for Gj and ^^'j^^j 
indicate that not only is tliere an effect associated with class size, such that the larger 
the class the greater the student's level of final achievement, but that th is also an 
interaction effect such that fur students of & higher level of initial achievement there is 
a greater advantage associated with a larger class size. 

An Interpretation of Results 

In discussing the results obtained from the analysis of the data for the one predictor 
model, it is noted that the residual effect for a class group associated with final 
achievement in science after allowance has been made for initial achievement in science 
IS greater where the size of the class group is greater. Thus the final performance of 
students in larger classes is greater even after the students* scores have been adjusted 
for prior performance. These findings are consistent with results presented earlier in 
this report. 

In addition, it is noted that the slopes of the ^tween students within classes'' 
regi^sion lines in the regrej^ion analysis of final achlev^nent in science regressed on 
prior achievement in science are greater in larger classes and less in smaller classes. 
Thus m the period cf one school year between when the initial mid final achievement 
tests in science were administered, it was in the smaller classes wnfe«£ there v^as an 
effect associated with the attainment of more equal educational outcomesbetween the 
higher and lower performing students. Moreover, it follows that in the larger classes 
there was an effect associated with the attainment of a greater divergence in 
performance between the higher and lower pei^orming students. In larger classes, the 
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•good get better and the poor get worse' relative to their classmates. It would be 
tempting to suggest that from -these analyses of the slopes of the regression lines 
presented above, a strong case could be advanced for the establishment of smaller 
classes, because such classes would seemingly promote greater equality of outcomes, 
while larger classes would give rise to a greater inequality of outcomes. However, ;t 
must also be noted that in larger classes there ^ an overall gain in average level of 
performance of the students in the class group. ^Consequently, it would be the relative 
magnitudes of these two effects for a student, namely, class size and relative 
performance of the student within a class that would determine whether the student 
would fare better in a larger or smaller clafss group. 

The multilevel analyses of this of data with respect to the influence of class 
size, while permitting the effects of class size to be more accurately estimated, do not 
necessarily provide a greater understanding of the way in which class size worked to 
influence achievement in the science classes in the Australian Capital Territory at the 
Year 7 level in 1969. Beyond the fact thai within smaller classes there is a trend 
towards greater equality of outcomes, and that within larger classes there is a trend 
towards a greater divergence in outcomes (and these are results that intuitively make 
sense), there is no further understanding provided as to why such effects might have been 
observed. 

The relationship between father's occupation and final achievement, after 
allowance has been made for both prior achievement in science and attitudes of 
educational aspirations, are of less consequence. They are essentially similar in kind to 
those recorded for prior achievement and the trend in the results nevertheless is worthy 
of comment. Class size is positively related to the slopes of the regression lines for 
father's occupation as a v^ariable in the between students within classes regression 
analyses. Thus in the larger classes it is those students from higher status homes who 
gain in performance during the school year and those from lower status homes who 
decline in performance relative to their classmates during the year. Moreover, in 
s-naller classes there is greater equality In outcomes between students from high and low 
status homes. These trends would seem to suggest that smaller classes are associated 
with equalizing outcomes. However it must again be noted that associated with larger 
classes there is a gain in the average level of achievement in science of the class group. 

Summary and Conclusion 

The analyses reported above have been undertaken with some reservations for the 
strength of the stati9ticai procedures employed. Although the analyses have not 
provided a further understanding of why class ^ize is having the effects that it would 
appear to be having, they have yielded a more detailed recount of how class size 
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operates in relation to student achievement in science. !n addition, the analyses have 
provided more accurate estimates than were available from previous analyses of the 
relationships between class size and achievement. 
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CHAPTER 10 
CONCLUSION 

The purpose of this study was to examine the ways In which class size affected other 
facets of the educational environment of the classroom. In particular, it was intended to 
assess the work of Glass et al. (1982) in a specific classroom setting and provide an 
explanation for their findings. In their work, meta-analysis techniques were used to 
summarize the diverse and often contradictory findings of class size research. Glass and 
h^associates condensed thoir findings into a series of graphs relating class size with 
both achievement and atfectlve outcomes. In the circumstances considered, they found 
increased class size to be detrimental to the student's achievement and attitudes, and 
also to certai' aspects of the educational environment. 

This study concentrated upon the 1969 Year 7 population of Canberra. Data 
collected by Keeves (1972) was used throughout the study. The performance of students 
was assessed by achievement tests and attitude scales, H^>me background Information 
wa? obtained from a questionnaire and the olassroom envfronment in science and 
mathematics classes was measured by interviews with teachers as well as by direct 
classroom observation. This information covered the b&ckground and practices of the 
classroom. The data provided information on the types of students and teachers, and the 
achievements and attitudes of students as well as on the activities pursued In the 
classroom for a wide range of class sizes. 

Twelve Propositions Arising from the Study 

Owing to the large number of classroom measures derived from the data, it was decided 
to Sift through these variables and to consider only those that changed substantially with 
class size. This sifting procedure provided a shorter, but more useful, list of measures 
which were related to class size. These measures, in conjunction with Information on 
antecedent variables concerning both home background and prior achievement, on 
criterlwi measures, achievement and attitude outcomes, and on class size were then 
considered In a series of causal models for both science and mathematics classes at 
different levels of analysis. Using regression analysis, the strengths of the relationships 
between these measures were estimated. A list of the major propositions which have 
resulted from the study Is now presented as a summary of the findings. Each proposition 
is accompanied by a brief commentary. A more detailed description of the results was 
provided in the preceding chapters. ^ 

^ Classroom practices did not varv t;reatly with class size . The effect of class size 
^Mpon teaching practices was greater In mathematics' than science classes, but for both 
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subjects, only a few of the variables a>bOCiated with classroom practices were strongly 
related to class size. This confirmed the reports of Ryan and Greenfield (1975). 
Reducing class Mze did not lead to dramatic changes in classroom practices. Instead, the 
teacher's own individual style appeared to be the main factor determining classroom 
activities. It seems that the teachers had not been taught how to exploit the 
opportunities that smaller classes provided and that teacher training concentrated upon 
the development of skills appropriate to classes of 25 or more students. 

2 More able students were placed in larger classes . This proposition is supported by 
two factors known to be used in the allocation of students to classes. Remedial classes 
have been traditionally small and year do-ordinators hi ve probably been more prepared 
to tolerate class size creeping up i*" they knew that the class cont.iined more able 
students. A majority of the classes in the sludy were from schools using streaming 
procedures. 

3 The classroom practices that changed with class size had little influence upon 
achievement outcomes . After controlling for prior achievement, father's occupation 
and class size, only a hahdful of the variables selected as being related to class size had 
a recognizable influence upon achievement levels in either subject. This seems to imply 
that the differing activities which resulted from changes in class size did not lead to 
achievement gains. This observation does not relate to all classroom practices, but only 
those that changed with class size. Previous research (Smith and Glass, 1979) had 
suggested that students in small classes would be more likely lo participate in such 
activities as iitdividualized and smail group work which would enhance achievement. The 
small variation in teaching style for differing class sizes was a probable explanation of 
the lack of influence of teaching practices upon achievement. Only ^hen more teachers 
are using techniques appropriate to small classes could we expect to find greater changes 
in achievement levels. 

4 Classroom processes that changed with class size influenced the students* 
attitudes . The activities that teachers wese able to pursue in classes of differing sizes 
did change student attitudes towards the subjects of science and mathematics. The 
effects of classroom practices upon attitudes were substantial, although not strong, for a 
number of classroom practices* It appeared that teaching practices which changed with 
class size could influence student attitudes although they did not influence achievement. 
The varying use of reward and punishment, support for students and the level of 
individual contact in smaller and larger classes were among the Important practices 
influencing student attitudes towards their subjects. 

5 Meaningful results could not be obtained from the causal models unless prior 
achievement measures were present. Particularly for achievement outcomes, a prior 



78 





achieveoienl measure was necessary to account for sufficient variation in final 
achievement to make the other.path coefficients meaningful. In the absence of a prior 
achievement measure, father's occupational status accounted for little variation in final ^ 
achievement and this led to the other path coefficients in the model acquiring infiated 
values. This forced the discussion of the analyses to be restricted to sejence, classes 
since prior achievement measures were not available for mathematics classes. The same 
effect was true lor attitudinal outcomes although it was not a6 pronounced since the 
P'^'lationship between prior achievement and attitudes was not as strong as between prior 
achievement and final achievement. 

^ Larger classes had enhanced occupational and educational aspirations * Although 
the relationship was not always jtrong, thert was a consistent positive relationship 
between class si^e and these two aspirational measures in analyses at both the class and 
student levels. It was suggested that the general atmosphere formed by the assemblage 
of able students heightened student aspirations since such students interacted with other 
students also with high expectations. 

7 Stronj^ and favourable attitudes enhanced achievement levels . This observation 
might seem obvious but it warrants mentioning since attitudes, when considered in 
several models, helped to explain variation in achievement levels in circumstances where 
class «?i2e was producing a substantial positive influence upon achievement. Although the 
inclusion of attitudes In the causal model did not eliminate the link between class size 
and achievement, attitudes were important predictors of achievement. Attitudes were 
related to achievement at all three levels of analysis: between classes, between students 
and between students within classes. 

8 Larger classes showed enhanced achievement levels > This represented the most 
controversial finding of' the study. It should again be noted that this observation was 
made after controlling for prior achievement, father's occupation and attitudes. The 
original intention of the study was to look more specifically at the activities occurring 
within small and large classes. As already noted, an examination of the activities in 
classes of differing sizes produced little of consequence because of the similarities in 
teaching styles and practices in classes cf differing sizes. This proposition clearly 
contradicts the finding of Glass and Smith (1978) that large classes Inhibit achievement 
ievels. 

In Chapter 8, an attempt was made to explain this observation in terms of the 
types of students who were allocated to large classes. Using a non-recursive model, 
some evidence was obtained to suggest that students with both higher ability and 
favourable attitudes were placed In larger classes. As has already been suggested, the 
congregation of able students In larger classes appeared to amplify achievement to 
higher levels. It Is contended that in larger classes a superior classroom atmosphere was 
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possible because a higher proportion of the class were able students and this permitted 
the class to progress at a greater rate* The original study was primarily concerned with 
low inference activities within the classroom and therefore it did not contain high 
inference measure<5 designed to assess the learning environment of a classroom. More 
specific measures of the way that students approached their work would be needed to 
assess this claim more accurately. 

9 Increased class size has a detrimental effect upon student attitudes towardg 
science . Because this result was only noted in the presence of prior achievement 
measures, the proposition was only examined for science classes. It v/as supported at the 
class level in Chapter 5 and at the student level in the non-recursive model presented in 
Chapter 8. This result supported the findings of Smith and Class (1979). However, the 
specific activities in l&iger classes that damaged students^ attitudes to the subject could 
not be identified since the teaching practices that enhanced attitudes were often more 
prevalent in larger classes. This proposition refers only to science classes, yet 
mathematics cl&sses .vere considered to be of more interest with regard to teaching 
practices. 

10 Similar relationships between most varlahles in the causal models viere obtained at 
all levels of analysis^ Analyses in conjunction with class size were conducted at the 
class and student level. Additional analyses for the purposes of comparison were 
conducted at these two levels as well as at the student within class level. Although some 
differences were observed and noted in Chapter 7, the similarity of the resdlts at 
different levels provioed confirmation of fhe findings with respect to the effects of class 
size. 

1 1 The choice of an appropriate unjt of ana l ysis should consider the conceptualization 
of th e problem and the specificati on of the research questions ^ Notwithstanding the 
reported s:mtlacity of the results obtained at the different levels of analysis, some 
differences were found that provided insight into the subtle mechanisms acting between 
variables and tho factors measured by those variables. Thus as an undei*star.ding 
develops of the nottotx of fa-tors at different levels of observation, and the collection of 
data from .reetments and through sampling at different levels of operation, It is 
necessary to give greater attositlon to the ccnceptualizatlon of the problems being 
investigated and to the clearer identification of the research questions to which an'^wers 
are being sought. In the tighter speckficatic« of propositicr^s and hypotheses for 
investigation, it v/ould seem esijential that the appropriate units and levels of 5r.aly$!s 
should be stated. Wiliiowt the apeclHcation of levels of analysis prior to th€^ eKflminaticn 
of data, significant dangers ariie in the poet hoc interpretalion of findings v^hieh are 
associateu with the.effect<? of bias m both th^ aggregation and diaagjrregatlori of datg. 
The problems of disaggregation of <kta» where the f/iccprs associated with disaggregated 



ERIC 



so 




data do not apply equally to all members of a group have had to be carefully considered 
in this report. However, it has been argued that class size is a contextual factor that 
operates equally with respect to all members of a class group, 

12 Smaller classes are associated with more equal achieverr.ent outcomes . A 
substantial positive relationship between class size and the regression coefficient 
between prior and Tnal achievement in science would seem to suggest that larger classes 
give rise to a greater variability in achievement and hence smaller classes produce a 
lower variability in achievement whir\ could be associated with the attainment of more 
equal educational outcomes. It should be renjembered that this result refers to the 
variability, and not the level, of achievement and that larger classes still appear to 
enhance achievement levels. 



Although these twelve propositions may represent the major findings of the study, many 
other findings of interest have been reported throughout the previous chapters. Instead 
of providing furt.ier comments upon these results, it would be preferable to address two 
of the major findings in the sense of suggesting further investigations necessary to 
clarify some of the propositiDns already stated. The lacK of importance of the process 
dimension r^ust be reconsidered. The general observation that teachers rarely adjust 
their teaching style for changes in class sizt ma> have been true in 1969. However, it is 
[iossible that the in-service and teacher training seen to be necessary has occurred, and 
it is important to ask whether teachers now modify their behaviour in response to 
changes in class size. 

The procedure that Keeves (19^72) used to assess the process dimension would still 
be relevant although several items could be added to make the instruments more 
:ensitive for assessing individualized instruction. In particular, measures of individual 
and independent work by students must be included to assess the activities of individual 
students within the class as distinct from the activities of the entire class. This 
modification would seem desirable since it has been noted that not all students within a 
given class wou!d share equally in the learning experiences provided. By investigating 
some of these isues, it should be possible to re-assess the effects of class size upon 
teacher and student behaviours. 

\ more central question which requires explanation is the positive relationship 
between class size and science achievement. Although the findings of this investigation 
are supported by other previous studies, they contradict the work of Glass and Smith 
(1978) which has suggested that class size damages achievement levels. Why were the 
findings for the group oT students or classes considered in this study so different as to 
contradict the research of Glass and Smith? In particular, what activities or practices 
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occurred in these classes to produce the conflicting results'' The most plausible 
explanation would seem to involve the effects of grouping more able students in la'-gcr 
classes, but the findings also reported achievement gains Deyoriv3 those expected solely 
from a consideration of differences in achievement levels. 

Reference has been made to that largely undefined factor of lassroom climate 
whidi was alleged to enhance both competition and the student desire to learn. 
Classroom chmate is harder to measure than classroom practices because it clearly 
reaches into the affective domain of the classroom. Several issues associated with Ih^ 
climate of the classroom were considered in Chapter 8, but a more extensive list was 
prescribed! by Smith and Glass (1979) during tl^eir summary of class size and affective 
outcome research. The measures that were considered in this present report sought to 
assess ail the facets of student interest in their subject, their schooling, their family and 
their peers and it was also proposed that these interests should be related to the 
activities that they pursued at school and at home. The intention was tc identify exactly 
why belonging to a class containing able students should make students perform better 
than previous achievement tesU suggested that they could. By thoroughly investigating 
the affective links Wdthin a classroom it was hoped that the improved achievement levels 
observed in larger classes could be n.ore fully understood. Clearly, further work is 
required. 

In conclusion, this study has attempted to identify tne factors associated with 
variation in class sise and their inOuence upon educational achievement and attitudes. 
That the findings have not agreed with Glass et al. (1982) is proof that their summary 
work has not put the class size issue to rest. An explanation of their findings and the 
findings of this study is still very unclear. The reasons why a particular class size should 
produce aduevement gains or losses still remains obscured by the diversity of activities, 
personahties and materials avattable in a single classroom. The findings of this study 
point towards a need for the continued examination of both the process, and particularly 
the attitudinal dimensions of the classroom. It is clear that an increased understandi'^g 
of these features of the classroom is a necessary step towards teasing out the 
relationships between class size, teacher activities and student motivation, all of which 
appear as central themes of the class size question. 
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APPENDIX I 



UST AND DESCRIPTION OF AVAILABLE MEASURES 



In Chapter 3, reference was made to a list of variables employed and reported by Keeves 
(1972K These included performance on achievement tests and attitude scales, teacher 
ind classroom characteristics and a set of classroom oDservation measures. To indicate 
the nature of the assessment of the classroom environment, a complete listing of the 
variables is given below using the variable title used in this report. In addition, a brief 
description of the measure including its direction, type and scale is provided. 

This Appendix is restricted to a description of the m.'iasures employed. Reliability 
coefficients, wherever appropriate, ore quoted in Appendix 11 in connection with a 
discussion of ^he relationship between each measure and class size. Furthermore, this 
^ppendix presents only a brief summary of each measure. A fuller description has been 
provided by Keeves (1972, 1974a, 197''b). To facilitate easier consideration of the 
variables, the measures are categorized in the same manner as used by Keeves (1972). 
The variable name as used throughout the study is ^iven, followed by a description. 

1 Home background, achievement and attitude measures 

These measures were obtained from a general information questionnaire, 
achievement tests and altitude scales that were given to each student. Throughout 
Chapter 5 and for several analyses in Chapters 7 and 8 these measures were 
aggr*^gated to form qUss averages. This was necessary where the class was used as 
the unit of analysis. 

Sex of class . Coded on a two point scale with boys (1) and girls (2). 

Ethnicity of home. The student's response to the question In which country were 
you born'^* v;as coded into one of the following six categories. Over 80 per cent of 
responses were coded as (1), 

1 Australia 

2 Britain or New Zealand 

3 English-speaking Commonwealth country 

4 English-speaking non-Commortwealth country 

5 Non-English-speaking European country 

6 Non~Englisb-speaking non-European country 

Father's occupation . The students were asked their father's occupation. 
Occupations were coded using a 6-point scale developed by Broom, Jones and 
Zubrzycl i (1965 and 1968) with a small residual group of unclassiflable responses. 
The categories and assigned scale values were as follows: 
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Table A.l Results of Analysis of Variance of Fathe r 's Occupation Categories 
with Prior Achievement in Science 



Sum of 







df 


squares Mean square 


F-value Significance 


Occupationa! 

firror 

Total 


categories 


6 

1979 
1985 


6544,6 485,9 
20808.6 15.0 
32623.7 


32,4 p 0,001 


Occupational 


category 


N 


Group mean 


Criterion scale value 
ass igned 



Unclassifiable 


49 


10.98 


1 


Unskilled workers 


134 


11,51 


2 


Semi-skilled workers 


209 


11.69 


3 


Skilled craftsmen 


397 


12-41 


4 


Clerical workers 


450 


13.37 


5 


Managerial workers "v;,.,,^^ 
Professional, sub- 


411 


14.40 


6 


336 


14.90 


7 


professional workers 









1 Unclassifiable 

2 Unskilled workers 

3 Semi-skilled and process workers 

4 Skilled craftsmen and foreman ^ 

5 Clerical and non-^om missioned servicemen 

6 Managerial, farmer or shop-keeper 

7 Professional, grazier or semi-professional 

It should be noted that the direction of the scale has been reversed from the 
original study used by Keeves (1972). This was done to equate a greater score on 
the scale wiUi a higher status occupation. Evidence for the assigning of scale 
values by criterion scaling procedures is given in Table A.l. 

Student's occupational aspirations . Students were asked what occupation they 
expected to enter after finishing their schooling. The occupation given by the 
student was scaled using the same scale values as fop father^s occupation. 

Student's educational aspirations . Students were asked the level of education they 
expected to attain. The categories and assigned scale values were as follows: 

1 Unclassifiable 

2 Four years secondary 

3 Five years secondary 

4 Matriculation 

5 Tertiary diploma or studies 

6 University degree 

7 Higher degree and resca/ch 
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e A. 2 Reftults of Analysis of Variance of Educational Asplraclon 
0 'C'ategories with Prior Achieveaent in Science 







df 


Sum of 

squares Mean square 


F-Value Signi ^icance 


Educat ional 

Error 

ToCal 


categories 


6 

1979 
1985 


65A4.6 1090,8 
26079.1 13.2 
32623.7 


82.8 p <0,001 


Educational 


category 


N 


Group mean 


Criterion scale value 
assignee 



Unclassif iable 
Four years secondary 
Five years secondary 
Macriculat ion 

Jertiary diploma or scudie3 

University degree 

Higher degree* and research 



Evidence for the asi^igning of scale values by criterion scaling procedureb is given 
in Table \,7. 

Number of h our s hom e work per week. Students wece asked how many hours they 
spent ca homework in all subjects in a week. 

Student's participation in pop culture activities . This scale was designed to assess 
the effects of participation v'itn friends in the »pop oultur-*. It was suggested that 
participation in these activities would be contrary to educational goals. Four items 
were used in an •Activities with Friends' questionnaire which 'assessed the 
frequency of participation in pop culture activities on a three-point scale. In 
general terms, scaling involved the assignment of the values indicated - Rarely (0), 
Occasionally (1) and Frequently (2). 

Student's p articipation in mathematics and science activities . This scale was 
designed to measure thf* influence of students participating with their friends in 
activities which fostered an interest in science or mathematics. Twelve items 
were used in an 'Activities with Friends* questionnaire which usse^ed the 
frequency of participation in tlie activities using the same coding procedures as for 
pop culture activities. 

Like mathemati cs. This attitude was assessed with a lOHtem Likert scale in 
which students were required to respond to statefnents in the categories, 'agree', 
'disagree' or 'uncertain'. The scale included a range of statements intended to 
identify the degree of interest and enjoy.-nent In learning mathematics. 

Academic motivation . This measure was assessed by a 20-item Likert scale in, 
which students were required to respond in three categories to a range of 
statements concerning their motivation to learn at school. 



98 9.46 1 

344 10.96 2 

72 11.33 3 

486 13.02 4 

308 13.42 5 

597 15.36 i 6 

81 15.44 V 7 



Like school. This attitude was assessed with a 17-item Likert scale in the same 
manner as attitudes to mathematics. 

Like soience . This variable was assessed in the same manner as the other attitude 
measures with a 20'-it8m Likert scale. 

Self rep:arJ > This variable assessed the students' respect and confidence in 
themselves. A 17-item Likert scale with three response categories was used with a 
range of statements involving self-esteem with respect to the peer group. 

Science achievement pretest . The initial science test was constructed from 25 
items chosen from a pool of items collected for the lEA Science Project. The 
content of the test was as follows: twelve items tested knowledge; six items 
required the application of information; and seven items required analysis or 
evaluation. The items were field tested prior to use in the study. 

Science achievement . The final science test contained 55 items, also chosen from 
the pool of items for the lEA Science Project. The items tested knowledge, 
comprehension, understanding, application, analysis and evaluation. These items 
were also field tested before use in the study. 

Mathematics achievement . This v/as assessed by a 55-item test. The items 
covered the content areas of computation, knowledge, definitions, translation or 
interpretation, analysis and application. The items were field tested before being 
used in the study. 

2 Structural dimension measures 

The second category of variables represent measures of teacher, classroom and 
school characteristics. Many of the variables from the structural dimension are 
relevant to both science and mathematics classes and distinctions are only made 
between the subjects where necessary. If the variable is appropriate to both 
subjects, the variable name for science classes will be given first, followed by the 
equivalent name for mathematics classes in brackets. The structural dimension 
information was obtained from an interview and questionniare completed by the 
class teacher. Additional information was obtained from discussions with the 
principal, vice-principal or subject co-ordinator. A list of all these items is 
presented below. 

Sex of teacher . Coded as male (1) and female (2). 

Teacher years at schooL The number of years of teaching at the present school 
was recorded. 

Teacher marital status. Coded as single (1) and married (2). 
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Teacher science (mathematics) specialist . The teachers were asked if they 
regarded thenfiselves as a science or mathematics specialist. Their responses were 
coded as Yes (I) and Mo (2), 

Teacher years of educati on. The number of years of full-time education received 
by the teacher was coded in years. 

Teacher years tertiary education . The number of years of full-time education 
beyond secondary school was recorded in years. In addition, fhe amount of training 
in specific subject areas that the teacher received was recorded in terms (1/3 
year). For science teachers, the specialist areas were physics, chemistry, biology 
or geology, while for mathematics teachers, the specialist areas were general 
•Tiathematics, pure mathematics, applied mathematics or statistics. 

Total teacher training in science (mathematics). This variable measured the total 
number of terms of trainir^ in all of the above specialist areas. As such, it 
represented an aggregate of the previous measures. 

Teacher training institution . Four categories were used to classify the training 
institution attended by the teacher. They were university (1), teachers college (2), 
university and teachers college (3) and other (4). These categories did not form a 
monotonic scale. 

Teaching 3 j ad. Three categories were used to assess the teaching load. They were 
part-time (I), full-time (2) and extra full-tinr*; (3)* The extra full-time category 
was rarely used. 

Teacher lesson preparation . The number of hours per week that the teacher spent 
preparing lessons was recorded. 

Teacher laboratory preparation . The number of hours per week that the teacher 
spent preparing apparatus or materials for laboratory classes was recorded. This 
variable was only relevant to science classes. 

Teacher hours marking . The number of hours per week that the teacher spent 
marking work or other teaching-related activities was recorded. 

Sex of class . This item was a class average obtained by coding boys (1) and girls 
(2). 

Proportion of class from foreign language homes . This item was calculated from 
the responses to the home background Item which asked whether or not English was 
the language normally spoken in the home. The ratio of the number of students 
from foreign language homes to the size of the class was used to form the 
proportion. 
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Size of form cohort . This item recorded the total number of Year V students at 
the school. 



Proportion of male teachers on staff . The item used the number of full-time (or 
equivalent) male teachers divided by the number of full-time (or equivalent) 
teachers in the school. 

Years school open . The age of the school was recorded in years. 

Degree of streaming . Streaming practices were divided into three categories. 
They were coded as non-streamed (1), set ted (2) and fully streamed (3). 

Time on science (mathematics) . The time spent each week by students in class on 
the subject was recorded in fifteen minute intervals. 

Time on science (mathematics) homework * The time spent each week by students 
doing homework was recorded in fifteen minute intervals. 

Total time on science (mathematics) . This item was the sum of the two previous 
items. 

Time on all homework . This item was calculated as a class average using the 
responses received from students to the question concerning the number of hours 
spent each week on homework in all subjects. ^ 

Periods contact with male teachers . This item used only the basic subjects. The 
number of periods each week in which students were taught by a male teacher was 
recorded. 

Number of teachers in year . The number of teachers who, during the year, had 
taught the class group in the subject for more than 10 lessons was recorded. 

Number of regular teachers . The number of teachers who regularly shared the 
teaching of the subject to the class group was recorded. 

Sis^e of school. This item recorded the number of students attending the school. 
Age of teacher * This item was coded on a 5-point interval scale. t 
Teacher years* experience. This item was coded an a 5-point Interval scale. 



Teacher in-service training . The number of weeks that the teacher attended 
full-time in-service training courses during the past five years was recorded. 

Teacher attends lectures on science (mathematics) teaching . The number of 
lecture sessions attended by the teacher during the current year concerned with 
the teaching of the particular subject was recorded. 
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Teacher attends l ectures ^ qn_science (mathematics). The number of lecture 
sessions attended by the teacher during the current year concerned with the 
particular subject was divided by two to form this measure. 

Member of Scienod (Mathematics) Teachers Association . Membership by the 
teacher of a subject association was coded as No (1) and Yes (2). 

Periods in laboratory . The time spent per week by students in the laboratory was 
recorded in fifteen minute intervals. This item referred only to science classes. 

Process dimension measures 

Another interview and questionnaire session was used to obtain information on 
items associated with teaching practices and the process dimension. The items 
assessed in this way differed from those obtained by direct classroom observation 
since they covered the use of assessment, homework and educational aids. 
Interviews with teachers were considered necessary since the use of all of these 
features would not have been detectable in only four lessons of direct classroom 
observation. The practices examined in this way included the nature and amount of 
assessment used by teachers, the presentaton and monitoring of homework, the 
types of educational aids employed by teachers and the frequency with which they 
were used. Science and mathematics teachers were asked the same questions such 
that the item descriptions applied to both subjects. 

Assessment practices . The teacher was asked how frequently they used various 
forms of assessment when marks were given and recorded. Their responses were 
coded as rarely or never (1), sometimes or occasionally (2) and always or regularly 
(3). The various forms of assessment were as follows: 

1 Short answer tests, 

?. Extended answer, either problem or essay, tests, 

3 Multiple choice objective tests, 

4 Performance on homework or weekly assignments, 

5 Performance in workbooks or notebooks, and 

6 Performance in assessed projects or major assignments. 

The sum of the scores on the six assessment items was used to indicate the range 
of assessment procedures employed by the teacher. Additional assessment 
procedures as well as homework measures are listed below. 

Assessments in Term 2> The number of assessments recorded in the teacher's 
markbook during Term 2 was used as a measure of the frequency of assessment. 

Assessments in year involvinpf student choice . The number of assessments during 
the year in which the student had some choice in either the topic or the nature of 
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the assignment was used as an index of the freedom of choice that the student was 
allowed. 



class was expected to do non-specified or revision homework was recorded. 

Frequency of homework set . The number of times each week in which the class 
was expected to do any homework, including written, reading, learning, revision or 
non-specified reading, was recorded. The teachers were also asked if they checked 
that the homework that they had set had been satisfactorily carried out. This 
question was posed in regard to a wide range of aspects concerned with both the 
setting and monitoring of honriework. Teacher responses were coded on a 4-point 
scale as never (0), occasionally (1), usually (2) and always (3), The questions asked 
of the teachers were divided into three main categories dealing with homework; 
work habits, guidance or instruction and satisfactory completion cT homework. 

In regard to work habits associated with homework, teachei^ were asked if 
they supervised the following points; 

1 Making a written record of homework, 

2 Making a record of set homework in a special notebook, and 

3 Doing homework in a prescribed book. 

For guidance and instruction associated with homework, teachers were asked if 
their supervision related to written homework, specified reading or learning 
homework or non-specified reading and revision work. The points requested of the 
teachers are given below. 

For written homework; 

(a) Written homework discussed in class, 

(b) Written homework marked outside of class, 

(c) Written homework examined In class. 

For specified, reading or learning homework; 

(a) Learning of homework checked by short test, 

(b) Learning of homework checked by questions in class. 

For non-specified reading and revision homework: 
(a) Homework checked from pupil record. 

Teacher supervision of the completion of homework was checked by two Items: 

(a) Reprimands given for unsatisfactory homework, 

(b) Homework must be completed satisfactorily. 

The scores on each item in each of the three categories were summed to form 



Frequency o f revi sion home work. The number of times each week in //hich the 
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three general measures. A homework work habits score, a homework guidance and 
instruction score and a homework completion score. These three items were 
intended to assess the importance that teachers attributed to homework. 

Several items were concerned with the type of reporting on a student's 
progress at school that was sent to parents. 

Achievement items in reports . The number of achievement items on the reports 
throughout the year was recorded. 

Work habit items . The number of items associated with work habits throughout 
the year was reported. 

T otal items in reports . This measurt- was obtained by summing the two previous 
measures. 

Use of Educational materials . Finally, teachers were asked to report upon the use 
that th^y made of various educationaljmaterials. Their responses were coded as no 
use (0), intermirtent use (1) and regular use (2). The list of educational materials 
that was considered is given below: 

(a) A main textbook, 

(b) A subsidiary textbook, « 

(c) A printed workbook, 

(d) Duplicated work sheets, 

(e) Programmed learning materials, 

(f) Television programs, 

(g) Films, 

(h) Slides and similar visual aids, 

(i) Field trips and visits, 

(j) Commercial achievement tests, 

(k) Pupil notebook, 

(1) A spelling book or list, or a table book, 

(m) An Individualized Mathematics Programme or the use of small group 

practical work involving scientific equipment, and 

(n) Structured aids or demonstration experiments involving scientific equipment* 

In items (m) and (n), the alternatives for mathematics and science classes, 
respectively, were presented. The scores on all fourteen items were used to form a 
measure of the range and number of educational materials provided for the student 
to work with and learn from. 

Classroom observation measures 

The fijial method- for assessing the classroom environment was by direct classroom 
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observation. The activities occurring in the clns.^rooni //ere recorded in two ways. 
The time spent on different activities was recorded. Hach minute, on the minute, 
an observer would 'sweep' the class and record the behaviour of the teacher and the 
class, providing time measures of various activities. In addition, each instance of a 
specific behaviour was recorded throughout a lesson, providing a frequency 
measure of the activities in the class. A discussion of the reliablity of the 
observation schedule is given in Appendix II. For further details of the 
development of the schedule and the reliability trials, Keeves (1971) should be 
consulted. 

A class was observed for an equivalent of four forty-minute lessons. The 
teachers wert asked to conduct their lessons as normally as possible •under the 
unusual circumstances of an observer being present in the classroom. The 
observers were instructed to position themselves in an unobtrusive position while 
still being able to view the students* faces. A list and description of the items on 
the observation schedule ts given below. U should be remembered that the given 
item label is the same as that used in subsequent appendices. 

Time used by teacher . This item recorded the total time over the four lessons 
that the teacher was active in the teaching process. This represented the majority 
of the time available in most lessons for it included the time spent on all activities 
where the student could be learning. Examples of activities where the teacher was 
inactive in the teaching process included absence from the classroom, conferring 
with another person (not a student) and carrying out an administrative or 
organisational task without supervising the work prescribed for the class. 

Students talk . The time that students either talked, read, discussed or explained 
work was recorded. The teacher either listened or supervised. 
Question and answer session . The time spent by students interacting with the 
teacher in a question and answer session was recorded. 

Students write . This item recorded the time that students ^rote, drew, an_ M 
a written test, or wrote while the teacher dictated. 

Students read . The time spent by students reading silently to themselves on an 
assigned task while the teacher supervised the class was recorded. 

Students investigate . This item recorded the time spent by students undertaking an 
investigatory activity or a practical task while the teacher supervised. 

Students mark work . The time spent by students marking their work under the 
direction or supervision of Uie teacher was recorded. 
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Unclassified , The time for which the activities in the classroom could not be 
classified into any of the previous seven categories was recorded. Most commonly, 
^ this would refer to times when students were engaged in activities not prescribed 
by the teacher or no activity had been prescribed by the teacher and the students 
wore doing nothing. 

Number of act ivity changes . The number of distinct changes in student and 
teacher activity in the interval of time between suc^.essive sweeps was recorded. 

Teac her revie w s work . The time spent by the teacher for the purpose of reviewing 
work previously taught was recorded. 

Teacher contacts student. The number of instances where the teacher spoke to a 
student or a student spoke to the teacher in connection with academic work was 
recorded. 

Teacher asks questio n. The number of instances where the teacher askod a 
student a question was recorded. 

Student a sks questio n. The number of instances where a student asked the teacher 
a question was recorded. 

Invitation to participate . The number of instances where the teachpr invited the 
student to ask a question or to participate in academic work was recorded. This 
included the student making suggestions, explaining work to the teacher o.- class, 
performing a demonstration or checking the work of another student. 

Use of language. The number of discussions on the use of language was recorded. 
This included discussing the meaning, the spelling or the pronunciation of a word. 

Invitation to inquire. The frequency with which students took part or were invited 
to {i\ke part in an activity that involved investigation and Inquiry was recorded. 
This may have involvedUhe student using equipment or reference books, estimating 
an answer, finding reasons for results, solving problems with non-unique solutions 
or discovering new methods for solving problems. 

C onsider work habits . The frequency with which students were encouraged to 
consider their work habits was recorded. The teacher usually emphasized the value 
of work and recommended more work. 

Raise aspirations . This item recorded each occasion that the teacher encourged 
students to lift their level of aspiration. Typically, teachers mentioned the value 
of work and education. 

Praise and Rebuke . The instances where teachers rewarded or praised a student as 
well as rebuked or punished a student were also recorded. Both praise anc/S-ebuke 

Er|c 104 

hfiiinniiinrfTiima 



were classified into more specific categories. These categories were: 

(a) Casual praise or rebuke, 

(b) Deliberate praise or rebuke, 

(c) Another type of reward or punishmeni, and 

(d) Total praise or total rebuke. 

The tv/o measures described in (d) were obtained by summing the appropriate 
measures in (a), (b) and (c). The general distinction between casual and deliberate 
praise or rebuke depended upon whether the comment was made privately or 
publicly. Both casual and deliberate rewards and rebukes were given varbally while 
other praise or punishment involved more definite behaviour from the teacher. 

Positive support . The number of instances where the teacher provided positive 
emotional support for a student was recorded. 

Nefgative support . The number of instances where the teacher provided negative 
emotional support fpr the student was recorded. 

Laughter with . This item recorded the number of instances where laughter 
occurred with the teacher or a student, not at the expense of the teacher or 
student. 

Laughter at . This item recorded the number of instances v,here laughter was at 
the expense of a student or the teacher. ' 

Autonomy. The number of instances where students were required or encouraged 
to make decisions for themselves or to act with autonomy was recorded. This 
involved the student selecting an activity, project, topic or experiment for 
themselves. 

This is the complete list of variables that is used throughout the study. It should 
again be mentioned that this appendix only provides a summary of the variables 
employed by Keeves (1972). An extensive description of the classroom observation 
schedule has also been provided by Keeves (1974a). 

As a concession to space, several tables presented in the following appendixes use 
abbreviated variable names. Although the intention of the abbreviated title was to 
suggest the nature of the original measure, this may not always by obvious. Hence, the 
variable labels used throughout this appendix were intended to be as close as possible to 
those titles used In the following appendixes. As such, this appendix provides a point of 
reference for the. measures used throughout the study. 
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IDENTIFICATION OF MEASURES RELATED TO CLASS SIZE 

Appendix I provided a brief description of all the variables reported by Keevos (1972) 
that were used in this present investigation. To indicate the suitability of these 
measures for Inclusion in the study, reliability coefficients for these measures, where 
appropriate and available, are given in this appendix. In particular, reliability 
coefficients relevant to variables obtained for tests, altitude scales or by use of the 
classroom observation schedule have been recorded. The other v/jriables used in this 
study are measures of teacher, class or school characteristics obtained from teacher 
questionnaires and hence measures of reliability were inappropriate. 

In addition to reliability coefficients, since we are primarily concerned with class 
size, the product moment correlation coefficients between class size and each variable 
using the class as the unit of analysis are also given. These coefficients have been used 
in Chapter 4 to determine which variables were significantly related to class size, as a 
first indicator of the differences between the teachers, the students and the processes 
present in small and large classes, Sinde nearly all Year 7 classes in the Australian 
Capital Territory were consideredj" the data provided population measures. However, the 
10 per cent level of significance of the correlation coefficient, assuming the use of a 
sample random sample, was employed as the main criterion for the selection of a 
variable as being related to class size. As the selection of variables was being conducted 
at the between classes level, with class as the unit of analysis, the application of these 
procedures for the calculation of the sampling error to population measures was 
defensible. However, this was not the sole criterion for selection of variables. Analysis 
of variance was conducted between each variable and a class size measure formed by 
creating six class size categories. A variable was selected for Inclusion in subsequent 
regression analyses if it was significantly correlated with class size, and t|^ analysis of 
variance suggested that there was not evidence of a curvilinear or highly skewed 
relationship. Several other variables were ^Iso included in the discussion in Chapter 4 
although their correlations with class size were not found to be significant at the 10 per 
cent level. They were included for their suspected importance, as suggested strongly by 
previous research. These few variables included some attitude and individualized 
instruction measures, and these have been commented on at a later stage in this 
appendix. 

Home Background, Achievement and Attitude Measures 

The set of classroom background, achievement and attitudinal variables are provided in 
^Table A,3 for both t'ae mathematics and science sets of data. It^houldbe noted that the 
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Table a. 3 Properties of Achievement and Attitude Measures 



N * 72 


Correlation with 


class size 


Level 


<^f significance^ 


Viiri able/ re 1 1 ability 


Ke 1 1 ao 1 1 1 cy 


ience 


Maths 


1 Science 


Maths 


Inci usion 


Sex of class 


NA 


0.17 


0.17 


NS 


NS 


Ncy 


Kthtiicity of hocae t 


KA 


-0.20 


-0.22 


0. 10 


■ O.IO 


Yes 


Father's occupation 


NA 


0.35 


0.35 


O.Ol 


' 0.01 


Yes 


Student^ B occupational aspirations 


NA 


0,57 


0 57 


0.01 


• 0.01 


Yes 


Number of hours of homework per week 


NA 


0.39 


0.40 


^ 0.01 


-0.01 


Yes 


Student's educational aspirations 


NA 


0.60 


0.60 


* 0.01 


0.01 


Y»js 


Student's participation in p/c activities 


0.69 


-0.31 


-0.31 


0.05 


* 0.05 


Yes 


Student's partlqipation in m/s activities 


0.69 


0.18 


0.17 


NS 


NS 


Yes* 


Like mathematics 


0.83 




0.17 




NS 


Yes* 


Academic motivation 


0^81 




0.25 


O.05 


0.05 


Via *» 

I es 


Like school 


0.89 


0.29 


0.30 


^0.05 


• 0.05 


I c> 




Q.90 


0.17 




NS 




Yes* 




0.79 


0.15 


0 . !*♦ 


NS 


NS 


Na 


Science achievement pretest 


0.69 


0.57 




• 0,01 




Yes 


Science achievement 


0.84 


0,61 




*0.01 




"es 


Mathematics achievetsent 


0.89 




0.59 




* 0.01 


Yes 


* Correlation coefficients which wre 


not significant 


at the 10 per 


ceat level 


are indicated by NS . 




NA Not appropriate. 
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results are very similar for both subjects. This is, in part, because the classes in these 
subjects were the same for all except three of the 72 cases. It should be remembered 
that some measures were aggregate measures for the class formed by averaging the 
students' scores on each test or questionnaire. 

In the tables, each variable is named, its reliability coefficient and its correlation 
coefficient with class size are given and then it is stated if it is to be included in 
5ubsequefit analyses. If inclusion or exclusion differs from that suggested by the 
correlation coefficient, a brief explanation is provided by the followinff^code; 

* This means that although the correlation was not^^ificant enough for 
automatic inclusion it was large enough to wa.rant further consideration 
since previous research had indicated that variables of this type were often 
associated with differences between large and small classes. 
** This means that the correlation coefficient was significant but results 
obtained from an analysis of varijince had shown that the relationship i^s 
curvilinear or skewed and hence not suitable for subsequent analysis. 
Reliability coefficients were found by using KR-20. Only correlation coefficients which 
are significant at the O.IO level are reported. 

Of the 16 variables concerned with general class backgrouncj, achievement and 
attitudes, 11 variables related significantly to class size. Three additional variables 
were considered sufficiently important to warrant further analysis. 



Structural Dimension Measures 

The set of variables from the structural dlnxension are presented in Tables A,4 and A.5 
for science and mathematics classes respectively. These tables present the measures of 
both teacher, classroom and school characteristics and as such they were considered to 
influence the behaviours that occurred in the classroom although not as directly as 
process variables. These variables were collected by teacher Interviews and 
questionnaires as well as from discussions with school ^principals and subject 
co-^ordinators. For this reason reliability coefficients are not applicable. Since the 
characteristics were expected to difffer greatly between science and mathematics 
classes, the results for each subject are presented separately. As noted in Chapter 4 and 
elsewhere (Gage, 1963; Rosenshine, i971), teacher characteristics rarely relate to 
educational outcome measures. The same conventions as used in Table A. 3 apply to 
these two tables and a fuller account of all variables was given in Appendix I. 

The data available provided 74 variables from the structural dimension: 38 for 
science and 36 for mathematics. For science, seven variables correlated significantly 
with class size but three of these were considered unsuitable. For mathematics,, nine 
variables were found to have significant correlations with class size, but again three 
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Table A. 4 Properties of Structural Variables for Science C l asses 



N « 72 


7 

Correlat ion 


Level of ^ 




Variable 


coe f f ic ient^ 


8 ign i f icance 


I nc lus ton 


Sex of teacher 


0.02' . 


* NS 


No 


Teacher years at school 


0.07 


NS 


No 


Teacher marital status 


-0.11 


NS 


No 


Teacher science specialist 


0.06 


NS 


No 


Teacher years of education 


0.03 


NS 


No ^ 


Teojcher years tertiary education 


0,05 


NS 


No 


Teacher training - Physics 


-0.04 


NS 


No 


Teacher training - Chemistry 


-0.07 


NS 


No 


Teacher training - Biology 


0.01 


NS 


No 


Teacher training — Geology* 


0.16 


NS 


No 


Teacher training - Other Science 


0.00 


NS 


No 


Total teacher training in Science 


-0.01 


NS 


No 


Teacher training institute *v 


0.02 


NS 


No 


Teaching load 


0.13 


NS 


No 


Teacher lesson preparation 


-0.05 


NS 


No 


Teacher laboratory preparation 
Teacher hours marlcing 


0.04 


NS 


No 


0.23 


<0.10 


No** 


Sex of class 


-0.19 


NS 




'Prop*n class from foreign language homes -0.23 


<0.'10 


^/Yes 


Size of form cohort ^ 


-0.06 


N6 


No 


Propn of male teachers on ^taff 


-0.10 


'NS 


No 


Years school open 


. -0.15 


NS 


No 


Degree of streaming 


-0.19 


<0.10 


No** 


Time on science 


0.10 


NS 


No 


Time on science homework 


0.44 


<0.01 


Yes 


Total time on science 


0.37 


<0.01 


Yes 


Time on all homework 


0.37 


<0.01 


Yes 


Periods contact with male teachers 


-0.02 


NS 


No 


Number of. teachers in year 


0.09 


NS 


No 


Number of regular teachers 


-0.04 


NS 


No 


Size of school 


-0.13 


NS 


No 


A^e of tieacher 


0.12 


NS 


No 


Teacher years experience 


0.01 


NS 


No 


Teacher inservice training 


-0.23 


.,<0.10 


No** 


Attends lectures science teaching 


0.05 


NS 


No 


Attends lectures on science 


0.00 


NS 


No 


Member of Science Teachers Association 


+0.02 


NS 


No 


Periods io laboratory 


-0.08 


NS 


No 



Correlations with class size recorded. 

Correlation coefficicnta which were not significant at the 10 per c«nt 
level are indicated by NS. 
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^^^'^^ Properties of Structural Variables for Mathematics Classes 



N « 72 
Variable 



Correlation 
coefficient 



a 



Level of 
ugnif icance" 



Inclusion 



Sex of teacher 

Teacher years at school 

Teacher marital status 

Teacher maths specialist 

Teacher years of education 

Teacher years of tertiary education 

Teacher training - General Maths 

Teacher training - Pure Maths 

Teacher training - Applied Maths 

Teacher training - Statistics 

Teacher training - other Maths 

Total teacher training in Maths 

Teacher training institution 

Teaching load 

Teacher hours preparation 

Teacher hours marking 

Sex of class 

Prop'n class from foreign language homes 

Size of form cohort 

Propn of male teachers on staff 

Years school open 

Degree of streaming 

Time on mathematics 

Time on mathematics homework 

Total time on mathematics 

Time on all homework 

Periods contacts with male teachers 

Number of teachers in year 

Number of regular teachers 

Size of school 

Age of teacher 

Teacher years experience 

Teacher inservice training 

Attends lectures on maths teaching 

Attends lectures on mathematics 

Member of Mathematical Association 



0 

-0 

-0 
0 
0 
0 
0 
0 

-0 
0 
0 
0 
0. 
0. 
0. 
0. 

-0. 

-0. 

-0. 

-0. 

-0. 

-0* 
0. 
0. 
0* 
0* 

-0. 

-0* 

-0. 

-0. 
0. 
0. 
0. 
0. 
0* 

+0. 



02 
01 
13 
03 
19 
18 
11 
*02 
*06 
.13 
.17 
*10 
.05 
.07 
.13 
.21 
.19 
.23 
.06 
.11 
.15 
.24 
.04 
.43 
.36 
.36 
.02 
31 
34 
12 
10 
09 
16 
15 
18 
24 



NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
<0.10 

NS 
<0.10 
NS 
NS 
NS 
<0.05 

NS 
<0*01 
<0.01 
<0.01 

NS 
<0.05 
<0*01 
NS 
NS 
NS 
NS 
NS 
NS 
<0.05 



No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
Ho 
No 
No 
No 

No** 

No 

Yes 

No 

No 

No 

No** 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

No** 



Correlations with class size recorded* 
Correlation coefficients which were not s 
level are indicated by NS* 



ignificant at the 10 per cent 
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Table A,6 Properties of Process Variables for Science Classes 



N » 72 
Variable 



Correlation 



Level of 



coefficient^ signi f icance^ Inclusion 



Use of short answer tests 
Use of extended answer tests 
Use of multiple choice tests 
Assess homework or assignments 
Assess workbooks 

Assess projects or major assignments 

Range of assessment 

Assessments in Term 2 

Assessments involving student choice 

Frequency of revision homework 

Frequency homework set 

Written record of homework 

Record homework in notebook 

Homework in special book 

Homework discussed 

Homework marked 

Homework examined 

Homework tested by short test 

Homework questioned in class 

Homework checked from record 

Homework reprimand given 

Homework must be completed 

Homework work habits score 

Homework completed score 

Homework guidance score 

Frequency reports sent home 

Achievement items in report 

Work habit items in report 

Total items in report 

Use of textbook A 

Use of textbook B 

Use of printed workbook 

Use of duplicated worksheets 

Use of programmed instruction 

Use of TV 

Use of films 

Use of slides and visual aids 
Use of field trips or visits 
Use of commercial tests 
Use of pupil .notebook 
Use of spelling book 
Use of group practical work 
Demonstration experiments 
Total teaching aids 



I 



0*29 
0*13 
0*25 

-oas 

0.17 
0.16 
0.19 
0*09 
-0.06 



20 
02 
11 
08 



-0.03 
0.12 
-0.03 
0.23 
O.OA 
-0.03 
0.2A 
O.IA 
0.00 
0.22 
0.12 
0.26 
-0.10 
->0.12 
-0.11 



03 
31 
01 



-0.03 

0.00 
0.01 
-0.06 
-0.15 

0.32 
-0*09 
-0.07 
-0.08 
-0*07 



<0.05 
NS 

<0.03 
MS 
MS 
MS 
MS 

<0.10 
MS 
NS 

<0.10 
NS 
MS 



NS 

N3 
<0.10 

NS 

NS 
<0.05 
,:.NS 

NS 
<0.I0 
^ NS 
<0.05 

NS 

MS 

MS 

MS 
<0.05 

NS 

NS 

No instance recorded 
NS 
MS 
NS 
NS 

Nq* instance recorded 
<0.05 
NS 
MS 
MS 
MS 



Yes 

No 

Yes 

No 

No 

No 

No 

No** 
Yes* 
No 

No** 
No 
No 
No 
No 
No 
No 

No** 
No 
No 
Yes 

No 
No 

No** 
No 
Yes 
No 
No 
No 
No 
Yes 
No 
No 

No 
No 
No 
No 

Yes 
No 
No 
No 
No 



a 

b 



Correlations with class size re 
Correlation coefficients which 
level ar« indicated by NS* 



corded. 

were not significant at the 10 per cent 
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were unsuitable. The small proportion of variables from the structural dimension which 
were related to class ^ize was not surprising considering the disappointing history of 
previous research findings in this area. 

Process Dimension Measures i 

Another interview and questionnaire session was used to obtain information on variables 
associated with the process dimension. The practices assessed in this way were distinct 
from those obtained by direct observation of the classroom. These measures were used 
to assess other facets of the classroom environment which would have gone unnoticed 
during the four periods of direct observation. These measures included the amount and 
methods of assessment used by tochers, the emphasis upon homework and how It was 
recorded and checked, the diversity of educational materials employed in the classroom 
as weU as the amount and type of reporting to parents. AU these variables were 
intended to assess the type of educational environment that teachers sought to generate 
in the classroom, In particular, concentrating upon the stimulation and monitoring of a 
student»s academic progress. Reliability coefficients were not appropriate. The 
correlations between class size and these processes are reported for both science and 
mathematics classes in Tables A. 6 and A. 7, in the same manner as In previous tables. 

For the process variables not measured by classroom observation, 44 measures 
were obtained in ^ach subject. For science, 10 were found to correlate significantly but 
four were deleted from this list for the reasons mentioned earlier. The measure of the 
extent of student choice in aasessment was Included to detect student autonomy and the 
presence of individualization In the classroom. The inclusion of this variable was 
supported by a moderately strong correlation and a significant difference between groups 
using analysis of variance. For mathematics, 16 variables were found to correlate 
significantly, but two were not considered for further analysis. Student choice In 
assessment was not included for mathematics as the correlation was not strong and 
analysis of variance was not supportive. The greater incidence of significant results In 
mathematics would seem to suggest that assessment and homework procedures, as well 
as the use of educational materials varied more with class size In mathematics than in 
science classes. 

Classroom Observation Measures 

The final method for measuring variables was the classroom observation schedule. The 
sdiedule assessed classroom activities in two ways. An observer noted the behaviour of 
the teacher and the students every minute, on the minute, during a class period. The 
time spent' on different activities was thus obtained. Also, the observer noted each 
Instance of certain behaviours as they occurred throughout the lesson. Hence, the 
^'"-quency of specific activities was recorded. A major problem was whether an obsetver 
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Table A. 7 



Properties of Proceas Variables for Mathematics Classes 



N « 72 
Variable 



Correlation 



Level of 



coefficient^ significance^ Inclusion 



Uoe of short answer tests 
Use of extended answer tests 
Use of multiple choice tests 
Assess homework or assignments 
Assess workbooks 

Assess projects or major assignmen 
Range of assessment 
Assessments in Term 2 
Assessments involving student choi 
Frequency of revision homework 
Frequency of homework set 
Written record of homework 
Record homework in notebook 
Hotaework in .special book 
Homework discussed 
Hoinework marked 
Homework examined 
Homework tested with short test 
Homework questioned in class 
Homework checked from record 
Home-work reprimand given 
Homework musJt be completed 
Homework work habits score 
Homework completed score 
Homework guidance score 
Frequency reports sent home 
Achievement items in reports 
Work habit items in reports 
Total items in reports 
Use of textbook A 
Use of textbook B 
Use of 'printed workbook 
Use of duplicated work sheets 
Use of progranned instruction 
Use of TV 
Use of films 

Use of slides and visual aids 

Use of visits and trips 

Use of commercial tests 

Use of pupil notebook 

Use of table and spelling books 

Use of individual program kits 

Use of structured aids 

Total teaching aids 



ts 



0.13 




NS 


No 


0.26 




<0.05 


Yes 


0.20 




<0.10 


No** 


-0.07 




NS 


No 


0.10 




NS 


No 


0.00 




NS 


No 


0.24 




<0.10 


Yes 


-0.08 




NS 


No 


0.06 




NS 


No 


-0.21 




<0.10 


Yes 


0.41 




<0.01 


Yes 


0.25 




<0.05 


Y^s 


0.31 




<0.05 


Yes 


0.16 




NS 


No 


0.42 




<0.01 


Yes 


0.01 




NS 


No 


0.09 




NS 


No 


-0.19 




NS 


No 


-0,06 




NS 


No 


-0.20 




<0.10 


No** 


0.10 




NS 


No 


0.33 




<0.05 


Yes 


0.35 




<0.01 


Yes 


0.31 




<0.05 


Yes 


0.13 




NS 


No 


0.26 




<0.05 


Yes 


-0.10 




NS 


No 


-0.11 




NS 


No 


-0.10 




NS 


No 


0i56 




<0.01 


Yes 


-0.07 




NS 


No 


-0.32 




<0.05 


Yea 


-0.14 




NS 


No 




No 


instance recorded 




0.42 




<0.01 


Yes 




Mo 


instance recorded 




0.03 




NS 


No 




No 


instance recorded 




-0.08 




NS 


•No 


0.08 




N& 


No 


-0.19 




NS 


No 


-0.03 




NS 


No 


-0.05 




NS 


No 


-0.03 




NS 


No 



a 

b 



Correlations with class size 
Correlation coefficients whi 
level are indicated by NS. 



recorded. 

ch were not significant at the 10 per cent 
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would record the same activities in each class in the same way each time the schedule 
was used, and v/ould different observers agree upon their interpretations of various 
classroom activities. These problems generated some uncertainty about the reliability of 
each item included on the observation schedule. Reliability coefficients for the 
observation of specific behaviours on the schedule were obtained using intra-class 
correlation coefficients. Wherever possible, these reliability coefficients are given to 
indicate the confidence available in any particular variable from the schedule. The 
relationships between class size and the classroom processes recorded in the schedule are 
given for science and mathematics in Tables A.8 and A, 9 respectively, A fuller 
description of each item on the observation schedule is given in Appendix I, 

For the process variables obtained from the classroom observation schedule, 32 
different measures were available for each subject. For science, eight variables were 
found to correlate significantly with class size, but one was deleted from this list, A 
measure of the number of positive support statements made by teachers was added as 
smaller classes were believed to have higher levels of interpersonal relationships 
(Vincent, 1967; 1968) and it was desirable to test this finding. The inclusion was 
justified by a moderately strong negative correlation and a significant F-ratio, For 
mathematics, 17 variables correlated significantly with class size, but one was deleted 
since it did not satisfy all criteria required. Two variables were added to the list. The 
number of activity changes, as a measure of instructional diversity, and the number of 
teacher invitations for students to participate in academic work were both added as they 
had moderate correlations and significant F-ratios, Their inclusion was further justified 
by previous research which claimed that both of these measures were more prevalent in 
small classes. As noted earlier, class size appeared to have a greater impact upon the 
behaviours and activities that occurred in mathematics classes than in science classes. 
Also, reliability levels were satisfactory for the majority of the classroom observation 
measures. 



Of the 242 variables on which data were obtained, 76 variables or 31 per cent of 
tlie variables were found to be significantly related to class size. After ac^usting the 
list, 68 variables remained for further consideration using regression analysis. As only 
the structural and process variables referred specifically to each subject, it is interesting 
to note that 19 science variables and 38 mathematics variables from this group were to 
be considered for use in regression analyses. The greater Incidence of mathematics 
variables has been noted several times, but it would seem that science teachers 
developed much of their teaching style independently of class size while mathematics 
teachers, intentionally or not, changed their style as class size changed. However, it 
must be noted that there was a strong positive relationship between class size and 
achievement and it would be possible that teaching style was dependent more on the 
ability of the students in the class than on the size of the class. 





Table A. 8 Pi;pperties of Process Varlablgs from the Observation Schedule 
for Science Cl-asses 



N « 72 




Corre lat ion 


Level 0 


f 




Variable Reliability 


AAA \ ^ \ ^ 

coe I L ic lenc 


significance 


T 1 • 

1 lie 1 
LUC L Uo i UU 


Time used by teacher 


0.99 


O.IO 


NS 




No 


Students listen 


0.96 


0.23 


<0. 10 




No** 


Students talk 


NA 


-0.07 


NS 




No 


Question and answer session 


1.00 


0.11 


NS 




No 


Students write 


0.98 


-0.16 


NS 




No 


Students read 


NA 


-0.02 


NS 




No 


Students investigate 


0.99 


-0.07 


NS 




No 


Students mark work 


NA 


-0.09 


NS 




No 


Unclassified 


0.97 


-0.07 


NS 




No 


Number of changes in activity 


0.37 


0.13 


NS 




No 


Teacher reviews work 


0.23 


0.26 


<0.05 




Yes 


Teacher contacts student 


0.90 


-0.41 


<0.01 




Yes 


Teacher asks question 


0.99 


0.04 


NS 




No 


Student asks question 


0.95 


0.06 


NS 




No 


Invitation to participate 


0.99 


0.08 


NS 




No 


Use of language 


0.91 


0.18 


NS 




No 


Invitation to inquire 


0.91 


-0.03 


NS 




No 


Consider work habits 


0.89 


0.00 


NS 




No 


Raise aspirations 


0.23 


-0.05 


NS 




No 


Casual praise 


0.99 


-0.05 


NS 




No 


Deliberate praise 


U . J J 


0.06 


no 




No 


Other reward 


0.99 


-0.21 


<0.10 




Yes 


Total praise 


0.99 


-0.05 


NS 




No 


Casual rebuke 


0.98 


-0 32 


<0.05 




Yes 


Deliberate rebuke 


0.98 


-0.31 


<0.05 






Other punishment 


0.98 


-0.30 


<0.05 




Yes 


Total rebuke 


0.98 


-0.39 


<0.01 




I e s 


Positive support 


0.79 


-0.17 


NS 




Yes* 


Negative support 


0.64 


0.00 


NS 




No 


Laughter with 


0.92 


0.19 


NS 




No 


Laughter at 


0.53 


0.06 


NS 




No 


Au tonomy 


NA 


0.11 


NS 




No 


• Correlations with class size recorded. 








° Correlation coefficients 


which were 


not significant at the 


10 


per cent 


level are indicated by NS 












^ Reliability coefficients 


which could 


not be calculated are 


indicated by 



NA. 
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Table A. 9 Properties of Process Variables from the Observation Schedule 
for Malheroatics CI asses 



>I « 79 




Correlation 


Level of 




V ct^ LclU X c 


Ke liaDiL L t y 


coefficient ^ 


Significance 


Inclusion 


Time used by teacher 


0.99 


0.15 


NS 


No 


Students listen 


0.88 


0.11 


NS 


No 


Students talk 


NA 


0.14 


NS 


No 


Question and answer session 


0.98 


0.40 


<0.01 


Yes 


Students write 


0.97 


-0.35 


<0.01 


Yes 


Students read 


\IA 


-0.06 


NS 


No 


Students investigate 


NA 


-0.21 


<0.10 


No** 


Students mark work 


0.98 


0.10 


NS 


No 


Unclas&if Led 


0.89 


-0.36 


<0.01 


Yes 


Number^f changes in activity 


0.76 


0. 19 


NS 


Yes* 


Teacher reviews work 


0.00 


0.04 


NS 


No 


Teacher contacts student 


0.94 


-0.45 


<0.01 


Yes 


Teacher asks question 


0 92 


0,35 


<0.01 


Yes 


Student asks question 


0.64 


0.26 


<0.05 


Yes 


Invitation to participate 


0 95 


0.19 


NS 


1 Co 


Use of language 


0.95 


0. 14 


NS 


Nn 

11 u 


Invitation to inquire 


NA 


0.21 


<0.10 


Ypa 


Consider work habits 


0.95 


0.20 


<0,10 


Yes 


Raise aspirations 


0.64 


0.12 


NS 


No 


Casual praise 


0.99 


0.30 


<0.05 


Yes 


Deliberate praise 


0.99 


0.18 


NS 


No 


Other reward 


0.99 


0.16 


NS 


No 


Total praise 


0.99 


0.30 


<0.05 


Yes 


Casual rebuke 


0.94 


-0.21 


<0.10 . 


Yes 


Deliberate rebuke 


0.94 


-0^28 


<0,05 


Yes 


Other punishment 


0.94 


-0.16 


NS 


No 


Total rebuke 


0.94 


-0.28 


<0-05 


Yes 


Positive support 


0.83 


0.29 


<0.05 


Yes 


Negative support 


0.87 


-0.01 


* NS 


No 


Laughter with 


0.77 


0.32 


<0.05 


Yes 


Laughter at 


0.89 


0*32 


<0.05 


Yes 


Autonomy 


NA 


0.13 


NS 


No 



Correlations with class size recorded. 

Correlation coefficients which were not significant the 10 per cent 
level are indicated by NS. 

Reliability coefficients which could not be calculated arc indicated 
HA. 
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APPENDIX in 

FACTOR ANALYSIS OF ATTITUDE MEASURES 

The importance of five attitude and practice measures was noted in the first set of 
regression analyses reported in Chapter 5. The five attitudes or practices were a 
student*s occupational and educational aspirations, academic motivation, attitude to 
school and level of participation in mathematics and science activities. These five 
attitudes were chosen for special consideration since they were related to both class size 
and academic achievement. As such, they were considered to be suitable for improving 
the prediciive power of the causal model, particularly in the absence of prior 
achievement measures. It was envisaged that factor analysis could be used to construct 
a general attitude measure which would act as a single measure of attitude, instead of 
five individual scales. 

The factor loadings for each attitude measure were calculated by using the SPSS 
Factor program (Nie et al., 1970) with the class averages on the attitude measures. With 
only five variables, at most five factors were necessary to explain all the variance, but 
only the first factor was significant using the criterion that the associated eigenvalue 
must exceed one. Nevertheless, the second factor was examined because it provided 
evidence of important differences between the five attitude measures. The factor 
loadings recorded in Table A.IO represent the initial unrotated factors^ising principal 
components analysis. 

The alignment of all attitude measures along the first principal component is 
consistent with the first factor being a general attitude factor. The second factor, 
although not significant, has factor loadings which distinguish between a student's 
occupational and educational aspirations and the other three measures because the like 
school, mathematics and science activities and academic motivation measures are all 
aligned positively on the second factor while the asplrational measures are assigned 
negative factor loadings. Although it is often hard to identify the nature of the artifacts 

^ Table A.IO Attitude Measure Principal Factor Pattern (Between Classes) 



N - 72 

Attitude measure 


Factor loading 
1 2 


Occupational aspirations 
Educational aspirations 
Like school 

Hiaths/science activities 
Academic motivation 


0.87 
0.80 
0.8A 
0.51 
0.73 


-G.AO 
-0.A8 
0.41 
0.15 
0.A2 


Eigenvalue 


3.08 


0.94 



ErIc mils 



) 

J 



produced by factor analysis, it does appear that the second factor distinguished between 
aspirations for the future and current attitudes and experiences. This distinction was 
also apparent when the attitude measures were included in the regression analyses. The 
two aspirational measures were more influential in the regression model than the other 
three attitude measures. These findings are reported in Chapter 5. 
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The purpose of this investigation was to examine the ways in which class 
size affected other facets of the educational environment of the classroom. 

The central question of the study which required explanation was the 
commonly found positive relationship between class size and achievement. 
The most plausible explanation of the evidence would seem to involve th6 
effects of grouping more able students in larger classes, but the findings 
also indicated achievement gains beyond those expected solely from a 
consideration of differences in achievement levels. It is clear that an increased 
understanding of these features of the classroom, is a necessary step towards 
teasing out the relationships between class size, teacher activities and student 
motivation, ail of whi^ h appear as central themes ip the class size question. 
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